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ANTI-INFLAMMATORY ACTIVITY FROM LACTIC ACID BACTERIA 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

[0001] The present invention was developed in part with funds from NUi 
Grant No. K08-DK02705. 

[0&02] CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority from U.S. Provisional Application S.N. 60/443,644 
filed January 30, 2003, which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0003] The present invention is directed to the fields of immunology, 
medicine, cell biology, and molecular biology. In a specific embodiment, the present 
invention regards an anti-inflammatory molecule secreted from lactic acid bacteria, 
including Lactobacillus and other species, and methods concerning thereof. 

BACKGROUND OF THE INVENTION 

[0004] Probiotics are commensal microbes with positive health benefits 
beyond m ere n utrition ( Lilly a nd S tillwell R .H., 1 965). C ommensal s pecies o f t he g enus 
Lactobacillus represent the most commonly used probiotic bacteria in clinical studies.- Their 
ubiquitous presence and role as members of the autochthonous (indigenous) microbiota 
(Alvarez-Olmos and Oberhelman, 2001; Holzapfel et al., 2001; Reuter, 2001) have 
stimulated interest in their roles as gut-beneficial bacteria. By capsule endoscopy, Reuter 
(2001) describes the presence of multiple Lactobacillus species as indigenous intestinal 
bacteria residing in the gastrointestinal tracts of healthy children and adults. One study 
(Ahrne et al., 1998b) showed that Lactobacillus rhamnosus was one of the 3 most 
commonly found intestinal lactobacilli found in the oral and rectal mucosa of healthy 
human individuals. Healthy rodents including mice are also commonly colonized by 
lactobacilli in the stomach and intestine (Tannock, 1997). This species inhabits the oral 
cavity inhumans and has been found in dental caries (Marchant et al., 2001). L. rhamnosus 
has also been found in the intestinal mucosa (Ahrne et al., 1998a) and comprises part of the 
vaginal flora (Pavlova et al., 2002). 
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[0005] Lactobacillus rhamnosus GG (LGG) was isolated from the stool of a 
healthy individual in 1985 by S. Gorbach andB. Goldin (Gorbach, 2000a; U.S. Patent No. 
4,839,281) and subsequent studies showed beneficial effects in patients with colitis 
(Gorbach et al., 1987). This organism was initially classified as Lactobacillus casei subsp. 
Rhamnosus, but subsequent refinements in Lactobacillus taxonomy have resulted in re- 
classification as L. 7'hamnosus (Chen et al., 2000;Mori et al., 1997). LGG colonizes the gut 
of rodents (Banasaz et al., 2002) and humans (Alander et al., 1997) and inhibits the growth 
of a variety of gram-negative and gram-positive bacteria (Dong et al., 1987). This strain has 
been shown to adhere to the colonic mucosa in human individuals (Alander et al., 1999) and 
can be recovered successfully from colonic mucosa and feces. It survives for 1-3 days in 
most individuals and up to 7 days in 30% of subjects. In addition to its colonization ability, 
the presence of LGG affects mucosal immune responses. LGG stimulates mucosal IgA 
responses and enhances antigen uptake in Peyer's patches (Gorbach, 2000b). 

[0006] As a potential probiotic agent, multiple studies have demonstrated the 
ability of LGG to colonize the intestinal tract and modulate mucosal epithelial and immune 
responses. LGG increased enterocyte proliferation and villous size in mono-associated 
gnotobiotic rats (Banasaz et al., 2002). LGG also modulates the proliferation of murine 
lymphocyte responses ex vivo following oral administration (Kirjavainen et al., 1999) andZ. 
paracasei alters modulatory cytokine profiles of CD4+ T lymphocytes (von der et al., 
2001). In addition to adaptive immune responses, LGG has effects on innate immune 
responses. LGG activates nuclear factor kappa. B (NF-kB) and signal transducer and 
activator of transcription (STAT) signaling pathways in human macrophages (Miettinen et 
al., 2000), and L. rhamnosus stimulates interleukin-12 (IL-12) production by macrophages 
(Hessle et al., 1999). LGG also stimulates production of immunomodulatory cytokines such 
asIL-10 in children (Pessi et al., 2000) and may regulate pro-inflammatory responses in 
vivo. Effector cells of innate immunity, such as macrophages, dendritic cells and 
neutrophils, are the primary drivers for the majority of inflammatory responses (Janeway, 
Jr. and Medzhitov, 2002). The thought that innate immunity dictates the course of both 
innate and adaptive responses to antigens as self or non-self emphasizes the role of the 
innate immunity in controlling inflammation. 
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[0007] U.S. Patent No. 4,314,995 regards a process concerning 

pharmaceutical lactobacillus preparations, particularly those having specific properties and 
being certain strains, the properties including growing in a culture comprising low nutrition 
and in a culture comprising a substance from the group of Na2S, NH3, lower fatty acids, or 
mixtures thereof. In particular embodiments the invention is directed to gastritis and 
enteritis. 

[0008] U.S. Patent No. 4,839,281 is directed to a particular Lactobacillus 
strain having ATCC Accession No. 53103 and methods related thereto, the strain being 
Lactobacillus rhamnosus GG. 

[0009] U.S. Patent No. 6,132,710 describes particular !,, salivarius and L. 
plantarum strains useful for preventing neonatal necrotizing enterocolitis gastrointestinal 
tissue injury. 

[0010] U.S. Patent Application No. 20020019043 Al relates to treating 
inflammatory bowel disease by administering a cytokine-producing Gram-positive bacteria 
or a cytokine antagonist-producing Gram-positive bacterial strain. In specific embodiments, 
the cytokine or cytokine antagonist selected from IL-10, a soluble TNF receptor or another 
TNF antagonist, an EL- 12 antagonist, an interferon-y antagonist, an IL-1 antagonist, and 
others. In s pecific e mbodiments, t he G ram-positive b acteria i s g enetically engineered t o 
produce a cytokine, cytokine antagonist, and so forth. 

[0011] . Borruel et al. (2002) describe downregulation of TNF-a upon 
providing several Lactobacillus species, although the effect was not prevented by protease 
inhibitors. 

[0012] In addition t o L actobacillus s pecies, o ther 1 actic a cid b acteria h ave 
been used as probiotic bacteria, such as Bifidobacteriium, which is used, for example, to 
ferment dairy product and treat intestinal infections and diarrhea, and Streptococcus (e.g., 
Streptococcus thermophilus) used in the food industry, and to treat diarrhea as well as 
intestinal and vaginal infections, and improve the nutritional value of foods by making 
micronutrients available to the host. 
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[0013] Although many different lactic acid are known to produce various 
factors that have antibacterial, immunomodulating and/or anti-inflammatory effects, these 
factors are generally complex and/or large-molecular weight products (for example, the 20 
kDA protein and "additional factor(s)" of Panigrahi (International Publication No. WO 
01/10448 published 15 February 2001). 

[0014] The present invention, however, addresses the need in the art for 
providing an effective contact-independent means for a dministering an anti-inflammatory 
soluble Lactobacillus or other lactic acid bacterial agent, particularly in a mechanism that 
comprises posttranscriptional inhibition of TNF-oc and G proteins. 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present invention is directed to a system, methods, and 
compositions that are useful for the inhibition of inflammation. In some embodiments, the 
present invention concerns a process of isolating novel anti-inflammatory compounds from 
bacteria that inhibit the production of proteins (cytokines) that promote or regulate 
inflammation in mammals. In specific embodiments of the present invention, the inventors 
characterize the ability for Lactobacillus, such as LGG, or other lactic acid bacteria, to 
specifically inhibit pro-inflammatory cytokine production by the innate immune system. 
With a murine macrophage model, the present inventors demonstrate that LGG specifically 
inhibits TNF-oc production independent of apoptosis or cytotoxic effects. LGG secretes 
soluble factors including proteins that diminish TNF- a production by lipopolysaccharide 
(LPS)- or lipoteichoic acid (LTA)-activated macrophages independent of effects on other 
cytokines. Furthermore, the TNF- a -inhibitory effects of LGG also antagonize stimulatory 
effects of Helicobacter pylori- or Helicobacter hepaticus-conditioned media. 

[0016] Generally, the invention pertains directly to Lactobacillus organisms 
(any species of this genus) and other lactic acid bacteria, and the soluble factors that they 
produce and secrete into their environment. These factors (heretofore not identified 
specifically) inhibit cytokine (e.g. TNF-oc) production following mRNA synthesis (post- 
transcriptional) by a G protein-dependent (G protein-coupled receptors) mechanism. Some 
embodiments of the present invention comprise applications in therapeutics (anti- 
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inflammatory action) regarding the fact that lactobacilli are producing soluble factors 
(peptides, proteins, etc.) that block inflammatory responses in a mechanism that depends on 
G proteins and works at a step following mRNA synthesis to effectively block protein 
production or secretion by cells. 

[0017] Thus, the present inventors have identified Lactobacillus and other 
lactic acid bacterial strains that diminish pro-inflammatory cytokine (e.g. TNF-a) and/or 
chemokine (e.g. IL-8) production. Soluble factors derived from bacteria in preferred 
embodiments inhibit expression of pro-inflammatory cytokines and result in a net anti- 
inflammatory effect on the immune system. Other embodiments include the bacterial 
organisms and soluble factors produced by these organisms. 

[0018] Studies in vitro have utilized cultured macrophages (immune cells) and 
epithelial cells that have been activated by different stimulators. In the present invention, 
lactobacilli inhibit pro-inflammatory cytokine expression in a contact-independent manner, 
by the secretion of soluble peptide factors that bind to receptors on cells of the innate 
immune system and regulate cytokine expression and the linkages between innate and 
adaptive immunity. That is, the production of cytokines is inhibited and, in specific 
embodiments, that diminishes T cell (adaptive) responses. The present invention also 
indicates that these soluble factors inhibit and/or antagonize the pro-inflammatory effects of 
other pathogens. 

[0019] Thus, in further specific embodiments of the present invention, 
Lactobacillus rhamnosus GG decreases TNF-a production in lipopolysaccharide-activated 
murine macrophages by a contact-independent mechanism, and L. rhamnosus GG 
specifically inhibits LPS- and LTA- mediated TNF- a production by primary peritoneal (in 
129 SvEv) and transformed (RAW 264.7) macrophages. 

[0020] In some embodiments particular Lactobacillus or other lactic acid 
bacterial species are preferable to others, and a skilled artisan knows how to determine 
optimal or preferred species from teachings provided herein. In some embodiments, 
specific immune effects may be species- or strain-specific. In preferred embodiments of the 
present invention, an effect of an anti-inflammatory secreted lactic acid bacterial compound 
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is serum- and/or contact-independent, requiring the presence of soluble LGG 
immunomodulins for optimum modulatory activity. 

[0021] In specific embodiments, LGG utilizes inhibitory heterotrimeric G (Gi) 
proteins in order to inhibit TNF- a production by macrophages. A skilled artisan 
recognizes that the net effect of LGG is immunomodulatory in nature, as TNF- a . 
production is abolished while IL-10 is unaffected, hi specific embodiments, intestinal 
Lactobacilli produce soluble protein factors that presumably bind to cell surface receptors 
and inhibit synthesis or secretion of TNF-a, independent of pro-apoptotic effects or cell 
necrosis. 

[0022] In specific embodiments of the present invention, a compound of the . 
present invention is at least one soluble agent from Lactobacillus or other lactic acid 
bacterial culture, wherein the agent comprises anti-inflammatory activity, anti-cytokine 
production activity, G protein receptor binding activity, or a combination thereof. In 
specific embodiments, the compound is a polypeptide, such as a protein or peptide, or a 
non-polypeptide, such as a nucleic acid molecule or a small molecule. As used herein, a 
"polypeptide" is a molecular chain of at least two amino acids, and includes small peptides. 
In the preferred embodiments, the compound is a small peptide as determined in the 
experiments discussed herein. 

[0023] The foregoing has outlined rather broadly -the features and technical 
advantages of the present invention in order that the detailed description of the invention 
that follows may be better understood. Additional features and advantages of the invention 
will be described hereinafter which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the conception and specific 
embodiment disclosed may be readily utilized as a basis for modifying or designing other 
structures for carrying out the same purposes of the present invention. It should also be 
realized by those skilled in the art that such equivalent constructions do not depart from the 
spirit and scope of the invention as set forth in the appended claims. The novel features 
which are believed to be characteristic of the invention, both as to its organization and 
method of operation, together with further objects and advantages will be better understood 
from the following description when considered in connection with the accompanying 
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figures. It is to be expressly understood, however, that each of the figures is provided for the 
purpose of illustration and description only and is not intended as a definition of the limits 
of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] For a more complete understanding of the present invention, reference 
is now made to the following descriptions taken in conjunction with the accompanying 
drawings. 

[0025] FIG. 1 provides a schematic of a LGG-macrophage bioassay. 
Macrophages are stimulated with purified LPS from E. coli. Activation is characterized by 
morphologic changes, such as vacuolization and extrusion of cellular processes. 
Additionally, activation also results in secretion of pro-inflammatory cytokines, such as 
TNF-a. The presence of putative immunomodulins made by lactobacilli, may block LPS- 
mediated production of TNF-a. 

[0026] FIGS. 2A and 2B show that LGG-conditioned media inhibits TNF-a 
production by LPS-activated macrophages, hi contrast to E. coli, media conditioned by 
Lactobacillus or other lactic acid bacterial species do not induce production of TNF-a in 
RAW 264.7 macrophages as measured by quantitative ELISA (FIG. 1 A). Only conditioned 
media from LGG inhibited LPS-mediated TNF-a production by macrophages (B). 
Conditioned media of selected bacterial species are represented: Lacid 4796 (L. acidophilus 
ATCC 4796), LGG (Z. rhamnosus GG), Lreut 55148 (Z. reuteri ATCC 55148), Ec Nissle 
(E. coli Nissle). Media controls: MRS (deMan, Rogosa, Sharpe) and LB (Luria-Bertani). 

[0027] FIG. 3 demonstrates that inhibition of TNF-a production by LGG is 
reversible. RAW 264.7 macrophages were activated with LGG-cm + LPS or LPS alone. 
Five hours post-activation, cell culture medium was assayed for TNF-a using quantitative 
ELISA. Spent culture media was removed and replenished with fresh media. Macrophages 
were allowed to grow overnight, then re-challenged with LPS alone. Culture media was 
assayed for TNF-a 5 h after LPS re-challenge (LPS Re-challenge). LPS (E. coli 0127:B8- 
derived lipopolysaccharide). 
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[0028] FIGS. 4A and 4B show that macrophage activation by LPS and 
immunomodulatory effect of LGG is serum-independent. RAW 264.7 macrophage 
bioassay was performed in FBS-free conditions to determine whether serum-soluble co- 
factors are required for observed effects on TNF-a production as measured by quantitative 
ELISA. No significant differences were noted between FBS-supplemented (FIG. 4A) and 
FBS-free conditions (FIG. 4B). MRS (DeMan, Rogosa, Sharpe media), LPS (E. coli 
0127:B8-derived lipopolysaccharide). 

[0029] FIGS. 5A through 5B demonstrate that LGG-conditioned media 
inhibits TNF-a production by LTA-activated macrophages. Purified LTA from three 
different Gram-positive bacteria were used to stimulate macrophages with or without LPS 
(FIG. 5A). In the presence of LGG-conditioned media, TNF-a production was diminished 
as measured by quantitative ELISA (FIG. 5B). Media only/MRS (DeMan, Rogosa, Sharpe 
media), Saur {Staphylococcus aureus), Efaec {Enterococcus faecalis) Bsub {Bacillus 
subtilis), LTA (lipoteichoic acid), LPS {E. coli 0127:B8-derived lipopolysaccharide). 

[0030] FIG. 6 shows that TNF-o/IL-10 ratios are diminished in presence of 
LGG. Cytokine levels of LPS-activated macrophages were measured using mouse-specific 
multi-cytokine antibody-bead sandwich immunoassays in a Luminex 100 instrument. 
Levels of IL-10 and TNF-a in LGG-cm + LPS-stimulated macrophage were compared 
relative to macrophages exposed to LPS alone. LGG (Z. rhamnosus-conditioned media) and 
LPS {E. coli 0127:B8-derived lipopolysaccharide). 

[0031] FIG. 7 demonstrates that LGG-derived factors antagonize activation of 
macrophages by Helicobacter spp. but not by E. coli. Macrophages were activated with 
either LPS-supplemented Helicobacter- or E- co/i-conditioned media or Gram-negative- 
conditioned media alone. LGG-conditioned media was added to Helicobacter- or E. coli- 
conditioned media (1:1 ratio) to determine if LGG could decrease TNF-a production in 
Helicobacter-activated macrophages using quantitative ELISA. Hp {H. /Ty/on'-conditioned 
media), LGG {L. rhamnosus-conditioned media), Hh {H. hepaticus-conditioned media), and 
Ec Nissle (E. coli Nissle-conditioned media). 
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[0032] FIG. 8 shows that LGG-derived proteins confer immunomodulatory 
effects. Macrophages were activated with a mixture of LPS and modified LGG-conditioned 
media a nd T NF-a p roduction m easured b y q uantitative E LISA. C onditioned m edia w as 
subjected to different treatments prior to mixing with LPS: untreated control (unmodified), 
freeze-thaw cycling (F/T), heat-denaturation (heat), DNase I treatment (DNase) and 
Proteinase K digestion followed by heat inactivation of Proteinase K (PK). 

[0033] FIG. 9 demonstrates the effect of bacteria-conditioned media on LPS- 
activated macrophages. Macrophages were activated with a mixture of LPS and bacteria- 
conditioned media. Culture media was tested 5h post-activation for TNF- a. L. acidophilus 
4796 significantly increased TNF- a production compared to macrophages activated with 
MRS + LPS only (pO.Ol) while L. reuteri ATCC 55148 had no effect. LGG significantly 
decreased TNF- a production (p<0.01). Gram-negative bacteria such as E. coli, 
significantly increased TNF- a production compared to culture media alone. 

[0034] FIG. 10 demonstrates that immunomodulation is not due to pH effects. 
To control for lactic acid production and reduced pH effects, acidified MRS media (pH 4) 
was tested and did not affect TNF-oc levels without the presence of LGGTcm. Conditioned 
media derived from other lactic acid bacteria did not inhibit TNF-oc secretion and was 
inconsistent with general pH effects due to lactic acid production. 

[0035] FIG. 1 1 provides effects of LGG-conditioned media on LTA-activated 
macrophages. Macrophages were activated with LTA 'derived from S. aureus, B. subtilis, 
and E. faecalis. LGG-conditioned media significantly decreased pro-inflammatory cytokine 
expression in LTA-activated macrophages compared to MRS media alone (p<0.01). 

[0036] FIG. 12 shows that an immunomodulatory effect is retained in the 10 
kDA fraction. LGG-conditioned media was fractionated using size exclusion filters. The 
media control is indicated by "mock". Inhibition of TNF-oc production was observed in the 
<10 kDa fraction. In contrast, the >10kDa fraction lost immunomodulatory activity. Taken 
together with previous data from the inventors, this indicates that a small peptide is 
responsible for immunomodulation and does not require serum. 
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[00371 FIG. 13 shows that immunomodulation utilizes heterotrimeric G 
proteins. Following PTx treatment, RAW 264.7 cells were stimulated with LPS alone or co- 
cultured with Lactobacillus-conditioned media (CM)(medium conditioned by growth of the 
particular lactic acid bacterial strain(s)). The ability of Lactobacillus-conditioned media to 
exert TNF-inhibitory effects was partially diminished when RAW 264.7 cells were 
intoxicated with PTx. 

[0038] FIG. 14 demonstrates that TNF-cc/IL-10 ratios are diminished in 
presence of LGG. Cytokine levels of LPS-activated macrophages were measured using 
mouse-specific multi-cytokine antibody-bead sandwich immunoassays in a Luminex 100 
instrument. Levels of IL-10 and TNF-a in LGG-cm + LPS-stimulated macrophage were 
compared relative to macrophages exposed to LPS alone. LGG (L. /7za/?2/zasttf-conditioned 
media) and LPS (E. coli 0127:B8-derived lipopolysaccharide). 

[0039] FIG. 15 illustrates a cluster diagram of Lactobacillus strains. 
Lactobacillus spp is indicated by "L.spp."; Lactobacillus reuteri is indicated by "L.r."; 
Lactobacillus johnsonii is indicated by "L.j." and "Wild-type" is indicated by "W-t". In the 
right-hand column, "t" refers to "top" and "b" refers to <c bottom" with respect to DNA 
fragment location on the gel DNA profile. 

[0040] FIG. 16 illustrates a cluster diagram of Lactobacillus strains. 
Abbreviations are as in Fig. 15. 

[0041] FIG. 17 shows that TNF-a-inhibitory ("immunomodulin") activity 
requires the presence of G protein Gi a 2. Resident peritoneal macrophages from Gia2- 
deficient mice (129 Sv background) were stimulated with LPS alone (MRS ~H LPS) or with LPS 
and Lactobacillus-dui^d CM (LGG + LPS, MM7 + LPS, CF48 + LPS). Relative TNF-a levels 
were determined by quantitative ELISA (Quantikine M, R&D Systems). MRS, de Man, Rogosa, 
Sharp e medium; LGG, L* rbamnosus strain GG; MM7, JL reuteri strain MM7; CF48, JL reuteri 
strain CF48. WT, wild type Giot2 +/+ macrophages; Hetzyg, heterozygous knockout Gia2 +/ " 
macrophages; Hornzyg, homozygous knockout Gia2 7 " macrophages. 
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DETAILED DESCRIPTION OF THE INVENTION 

DEFINITIONS 

[0042] The term "a" or "an" as used herein in the specification may mean one 
or more. As used herein in the claim(s), when used in conjunction with the word 
"comprising", the words "a" or "an" may mean one or more than one.- As used herein 
"another" may mean at least a second or more. 

[0043] The term "colitis" as used herein refers to an acute or chronic 
inflammation of the colon, in specific embodiments the membrane lining the large bowel. 
Symptoms of colitis may include abdominal pain, diarrhea, rectal bleeding, painful spasms 
(tenesmus), lack of appetite, colonic ulcers, fever, and/or fatigue. The term "contact- 
independent" as used herein refers to the embodiment wherein cellxell contact is not 
required. In a specific embodiment, the utilization of soluble factors circumvents the 
requirement for cellicell contact. . 

[0044] The term "probiotic" as used herein refers to at least one organism that 
contributes to the health and balance of the intestinal tract. In specific embodiments, it is 
also referred to as "friendly", "beneficial", or "good" bacteria, which when ingested assists 
in the maintenance of a healthy intestinal tract and assists in combating illness and/or 
disease. 

[0045] As used herein, the term "pharmaceutically acceptable carrier" includes 
any and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic 
and absorption delaying agents and the like. The use of such media and agents for 
pharmaceutically active substances is well known in the art. Except insofar as any 
conventional media or agent is incompatible with the vectors or cells of the present 
invention, its use in therapeutic compositions is contemplated. Supplementary active 
ingredients also can be incorporated into the compositions. 

[0046] The term "therapeutically effective amount" as used herein refers to an 
amount that results in an improvement or remediation of the disease, disorder, or symptoms 
of the disease or condition. 
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[0047] The term "treating" and "treatment" as used herein refers to 
administering to a subject a therapeutically effective amount of a the composition so that the 
subject has an improvement in the disease. The improvement is any improvement or 
remediation of a symptom or symptoms. The improvement is an observable or measurable 
improvement. Thus, one of skill in the art realizes that a treatment may improve the disease 
condition, but may not be a complete cure for the disease. 

THE PRESENT INVENTION 

[0048] The invention herein comprises a compound secreted from lactic acid 
bacteria that comprises anti-inflammation activity. The lactic acid bacteria are preferably 
selected from the group consisting of Lactobacillus is L. acidophilus , L. animalis, L. 
rhamnosus GG, L. johnsonii, L. murinus, L. plant arum, L. reuteri, L. salivarius 9 L. 
paracasei, L. delbrueckii, L. fermentum, L. brevis, L. buchneri, L. kefi, L. casei t L. curvatus, 
L. coryniformis, Brevibacterium, Streptococcus thermophilus, and a mixture thereof. The 
compound is preferably a polypeptide that preferably comprises receptor-binding activity, 
as well as cytokine expression regulating activity, chemokine expression regulating activity, 
or both. The invention also comprises a kit that includes at least one isolated bacterium as 
above; an isolated bacterium that produces the compound and may be capable of secreting 
the compound; and a method of reducing cytokine expression in a cell, in which the 
cytokine may be TNF-a, the cell may be an immune cell, such as a macrophage. The 
invention herein further comprises a method of inhibiting inflammation in an individual, for 
example, as found in conditions such as colitis, arthritis, synovitis, polymyalgia rheumatica, 
myositis, or sepsis, comprising the step of delivering a therapeutically effective amount of 
lactic acid bacteria to the individual, wherein the lactic acid bacteria may inhibit the 
inflammation by a contact-independent mechanism. In another embodiment, the lactic acid 
bacteria are further defined as producing a soluble compound that binds to a receptor on an 
immune cell. This method may be further defined as inhibiting, at least partially, in cell 
cytokine production, cytokine secretion, chemokine production, or a combination thereof. 
The inhibiting step in another embodiment is further defined as comprising inhibiting the 
cytokine production, cytokine secretion, chemokine production, or a combination thereof, 
through inhibitory heterotrimeric G (Gi) protein activity. Preferably the cytokine is TNF-a. 
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In another preferred embodiment the chemokine is IL-8. In additional embodiments, the 
lactic acid bacteria are administered in combination with at least one additional therapeutic 
agent, such as corticosteroids, sulphasalazine, derivatives of sulphasalazine, 
immunosuppressive drugs, cyclosporin A, mercaptopurine, azathioprine, and a mixture 
thereof. 

[0049] Animal studies and human clinical trials have shown that Lactobacillus 
can prevent or ameliorate inflammation in chronic colitis. However, molecular mechanisms 
for this effect have not been clearly elucidated. The present inventors determined that 
lactobacilli and other lactic acid bacteria are capable of down-regulating pro-inflammatory 
cytokine responses induced by the enteric microbiota. The Examples provided herein 
address whether lactobacilli diminish production of tumor necrosis factor alpha (TNF-a) by 
murine macrophages and alter the TNF-cc/interleukin-10 (IL-10) balance, in vitro. When 
media conditioned by Lactobacillus rhamnosus GG (LGG) are co-incubated with 
lipopolysaccharide (LPS) or lipoteichoic acid (LTA), TNF-a production is significantly 
inhibited compared to controls, whereas IL-10 synthesis is unaffected. Interestingly, LGG- 
conditioned media also decreases TNF-a production of E. coli- and Helicobacter- 
conditioned media-activated peritoneal macrophages. Lactobacillus species and other lactic 
acid bacteria may be capable of producing soluble molecules that inhibit TNF-a production 
in activated macrophages. Since over-production of pro-inflammatory cytokines, especially 
TNF-a, is implicated in pathogenesis of chronic intestinal inflammation, enteric 
Lactobacillus-mediated inhibition of pro-inflammatory c ytokine production and alteration 
of cytokine profiles highlight an important immunomodulatory role for commensal bacteria 
in the gastrointestinal tract. 

[0050] In some embodiments of the present invention, Lactobacillus and other 
lactic acid bacterial species have been used in probiotic strategies for gastrointestinal 
infections and inflammatory bowel disease. Gi alpha subtype 2 (G a i2)-deficient mice 
develop colitis that mimics the pathological lesions of ulcerative c olitis in humans. The 
present inventors demonstrate that particular isolates of Lactobacillus are capable of 
decreasing lipopolysaccharide (LPS)-induced TNF-a production in both primary and 
transformed macrophages as a primary mechanism of probiotic action. Furthermore, in 
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some embodiments Lactobacillus or other lactic acid bacterial species utilize inhibitory 
heterotrimeric G (GO proteins in order to inhibit TNF-a production by macrophages. 
Resident peritoneal macrophages w ere recovered from G ai 2-deficient mice and wild-type 
129Sv mice. Primary macrophages were stimulated with purified E. coli LPS alone or co- 
cultured with conditioned media from Lactobacillus species. RAW 264.7 gamma (NO-) 
macrophages were exposed to a Gi protein inhibitor, pertussis toxin (PTx), in order to ablate 
Q protein-dependent responses. Following PTx treatment, RAW 264.7 cells were 
stimulated with LPS alone or co-cultured with Lactobacillus-condi\ionQ& media (CM). 
Levels of TNF-a, in macrophage culture supernatants, were measured by quantitative 
ELISA. As a model organism, Lactobacillus rhamnosus GG-CM inhibited TNF-a 
production in wild-type 129Sv-derived peritoneal macrophages (135 pg/ml) and RAW 
264.7 cells (150 pg/ml) compared to primary and transformed macrophages exposed to LPS 
alone (1000 pg/ml and 1500 pg/ml, respectively). In contrast, primary macrophages from 
Gai2-deficient mice produced high levels of TNF-a following exposure to LPS and 
Lactobacillus-CM. Levels of TNF-a production in cells derived from homozygous G ai 2 
knockout mice were almost twice as much as cells from heterozygous animals (1800 versus 
960 pg/ml). The ability of Lactobacillus-CM to exert TNF-inhibitory effects was also 
partially diminished when RAW 264.7 cells were intoxicated with PTx (650 pg/ml). Thus, 
Lactobacillus and other lactic acid bacterial species isolated from humans inhibit 
macrophage TNF-a production by a G* protein-dependent mechanism. 

[0051] A skilled artisan recognizes that in vivo models are useful in 
embodiments of the present invention. For example, in a specific embodiment, an in vivo 
model may be used to test the safety or efficacy of a compound from Lactobacillus or other 
lactic acid bacteria, such as secreted from Lactobacillus, that is suspected of having anti- 
inflammatory activity, anti-TNF-a activity, anti-chemokine activity, or a combination 
thereof. One example of such as model is HLA-B27 transgenic rats wherein the 
overexpression of the gene for the MHC class I molecule HLA-B27 leads to the 
development of colitis, gastroduodenitis, peripheral arthritis and spondylitis (Rath et al, and 
references cited therein). Other examples of models are well known in the art (Aranda et 
al., 1997; Cong et al., 1998; Contractor et al., 1998; Dianda et al., 1997; Garcia-Lafuente et 



BIOA5312 



14 



WO 2004/069178 



PCT/US2004/002789 



al., 1997; Kuhn et al., 1993; Onderdondo et al., 1981; Veltkamp et al., 2001; Yamada et al., 
1993). In further specific embodiments, immune cells obtained from such a model are 
useful, such as for assaying for changes in cytokine and/or chemokine production. 

[0052] The present invention in specific embodiments regards any species of 
lactic acid bacteria, including any species of the genus Lactobacillus, including L\ 
acidophilus ATCC 4796, L. animalis ATCC 35046, L. rhamnosus GG ATCC 53103, Z. 
johnsonii ATCC 33200, L. murinus ATCC 35020, L. plantarum ATCC 14917, L, plantarum 
ATCC 49445, L. reuteri ATCC 53608, L. reuteri ATCC 55148, L. salivarius ATCC 11471, 
L. paracasein L. delbrueckii, L. coryniformis, Bifidobacterium, Streptococcus thermophilus, 
or a mixture thereof. In some embodiments of the present invention, a nucleic acid 
sequence encoding TNF-a is utilized, such as to monitor its expression level. An example 
of a TNF- a sequence is comprised in SEQ ID NO:l (GenBank Accession No. A21522). In 
similar embodiments, TNF- a protein levels are monitored, such as by using antibodies to at 
least a portion of SEQ ED NO:2 (CAA01558). A skilled artisan recognizes how to obtain 
other useful sequences, such as by accessing them from publicly available databases, 
including the National Center for Biotechnology Information's GenBank database. 

[0053] Exemplary methods of isolating a particular Lactobacillus or other 
lactic acid bacterial strain are known in the art, such as described in U.S. Patent No. 
. 4,839,281, incorporated by reference herein in its entirety. 

[0054] In specific embodiments of the present invention, a compound of the 
present invention is at least one soluble agent from Lactobacillus or other lactic acid 
bacteria, wherein the agent comprises anti-inflammatory activity, anti-cytokine production 
activity, G protein receptor binding activity, or a combination thereof. In specific 
embodiments, the compound is a polypeptide, such as a protein or peptide, or a non- 
polypeptide, such as a nucleic acid molecule or a small molecule. In a specific 
embodiment, the anti-inflammatory is G protein receptor ligand. A skilled artisan 
recognizes how to obtain and/or isolate the secreted compound by standard methods in the 
art. For example, the compound may be purified by testing for activity in different 
fractions, followed by additional fractionating and testing for activity. Activities to be 
tested for include protease sensitivity, anti-inflammatory activity, anti-cytokine or 
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chemokine expression activity, G protein receptor binding activity, or a combination 
thereof. In specific embodiments, cytokine expression is monitored, examples of which 
include interleukins IL-1, IL-6, IL-12, IL-10, and/or TGF. 

[0055] In specific embodiments, a 2-D gel is utilized in identifying the 

compound. 

LACTOBACILLUS 

[0056] Lactobacilli are usually rod-shaped, varying from short bent rods to 
long and slender rods. Most species are homofermentative, although some are 
heterofermentative. Homofermentative species produce lactic acid as a major product, 
wherein some grow at 45°C, comprise long rods and comprise glycerol teichoic acids (such 
as L. delbruecldi and Z. acidophilus), whereas other homofermentative species grow at 
15°C, have variable growth at 45°C, are short rods and coryneforrns, and comprise ribitol 
and glycerol teichoic acids (such as L. casei, L. plantarwn, and L. curvatus). 
Heterofermentative species, such as L. fermentum, L. brevis, L. buchneri, and L. kefir) 
produce about 50% lactic acid from glucose and produce C0 2 and ethanol. 

CYTOKINES AND CHEMOKINES 

[0057] In a specific embodiment of the present invention, the production of a 
cytokine is inhibited upon the presence of a Lactobacillus-secreted compound. A cytokine 
is herein referred to as a cell-derived hormone-like polypeptide that regulates cellular 
replication, differentiation, and/or activation in processes concerning host defense and 
repair. 

[0058] An enormous number of cytokines are known in the art. Examples are 
illustrated in Table 1 (reproduced from a website of Dalhousie Medical School). 

TABLE 1; EXEMPLARY CYTOKINES 

Cytokine Principle Source Principle activities 

IL- 1 Macrophage T,Bcellactivation;fever;inflammation 

IL-2 T cells T cell proliferation 
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EL-3 


T cells 


Growth of many cell types 


il-4 


T cells 


B cell growth and differentiation 




T cells 


R cell eosinonhil growth 




macrnnhatres T cell*; 


13 cell stimulation inflammation 


IL-7 


stromal cells 


Early B and T cell differentiation 


IL-8 


m acron h affes 


Neutrophil fl^MN^attraction 


IL-9 


T cells 


mitogen 


DL-10 


T cells 


Inhibits Thl cytokine production 


IL-11 


Bone marrow stroma 


Hematopoeisis 


IL-12 


APC 


Stimulates T, NK cells 


IL-13 


T cells 


Similar to EL-4 


EL-14 


dendritic cells,T cells 


B cell memory 


IL-15 


T cells 


same as IL-2 


IL-16 






IFNa 


Most cells 


Anti-viral 


IFNP 


Most cells 


Anti-viral 


IFNy 


T, NK cells 


iriflammation^ activates macrophages 


TGFP 


macrophages,lymphocytes depends on target 


TNFa 


Macrophage 


Inflanimation; tumor killing 


TNFP 


T cells 


Inflammation; tumor killing; 



enhance phagocytosis 
[0059] All cytokines have certain properties in common. They are all small 
molecular weight peptides or glycopeptides. Many are produced by multiple cell types such 
as lymphocytes, monocytes/macrophages, mast cells, eosinophils, even endothelial cells 
lining blood vessels. Each individual cytokine can have multiple functions depending upon 
the cell that produces it and the target cell(s) upon which it acts (called pleiotropism). Also, 
several different cytokines can have the same biologic function (called redundancy). 
Cytokines can exert their effect through the bloodstream on distant target cells (endocrine), 
on target cells adjacent to those that produce them (paracrine) or on the same cell that 
produces the cytokine (autocrine). Physiologically it appears that most cytokines exert their 



BI0A5312 



WO 2004/069178 



PCT/US2004/002789 



most important effects in a paracrine and/or autocrine fashion. Their major functions appear 
to involve host defense or maintenance and repair of the blood elements (Table 1). 

[0060] A skilled artisan recognizes cytokines are categorized by their major 
specific fiinction(s), and there are four major categories of cytokines: interferons, colony 
stimulating factors, tumor necrosis factors, and interleukins. Interferons interfere with viral 
replication, and there are three major types based upon the source of the interferon. 
Interferon alpha (IFNa) is produced by the buffy coat layer from white blood cells and is 
used in treatment of a variety of malignant and immune disorders. Interferon beta (IFNP) is 
produced by fibroblasts and is currently being evaluated in the treatment of multiple 
sclerosis. Interferon gamma (IFNy) is produced by activated T cells and is an important 
immunoregulatory molecule, particularly in allergic diseases. 

[0061] The colony stimulating factors support the growth and differentiation 
of various elements of the bone marrow. Many are named by the specific element they 
support, such as granulocyte colony stimulating factor (G-CSF), macrophage colony 
stimulating factor (M-CSF), and granulocyte-macrophage colony stimulating factor (GM- 
CSF). Other CSFs include Interleukin (IL) -3, which can stimulate a variety of 
hematopoietic precursors; and c-Kit ligand (stem cell factor). 

[0062] The tumor necrosis factors (TNF) cause a hemorrhagic necrosis of 
their tumor upon injection. TNFa is produced by activated macrophages and TNFp is 
produced by activated T cells (both TH and CTL). Attempts have also been made to use the 
TNFs clinically to treat human tumors, but due to their extremely narrow therapeutic 
window (efficacy vs. toxicity), few view this as a useful stand-alone cancer therapy. 

[0063] The largest group is the interleukins, so named because their 
fundamental function appears to be communication between (inter-) various populations of 
white blood cells (leucocytes -leukin). Interleukins (IL) are given numbers. They are 
produced by a variety of cell types such as monocytes/macrophages, T cells, B cells and 
even non-leucocytes. 

[0064] Chemokines are a family of structurally related glycoproteins that 
comprise effective leukocyte activation and/or chemotactic activity. They are 70 to 90 
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amino acids in length and approximately 8 to 10 kDa in molecular weight. Most of them fit 
into two subfamilies having four cysteine residues, dependent on whether the two amino 
terminal cysteine residues are immediately adjacent or separated by one amino acid. The a 
chemokines, also known as CXC chemokines, comprise a single amino acid between the 
first and second cysteine residues; the B, or CC, chemokines have adjacent cysteine 
residues. Most CXC chemokines are chemoattractants for neutrophils, whereas CC 
chemokines generally attract monocytes, lymphocytes, basophils, and eosinophils. 

[0065] Two additional small sub-groups of chemokines are known. The C 
group has one member (lymphotactin). It lacks one of the cysteines in the four-cysteine 
motif, but shares homology at its carboxyl terminus with the C-C chemokines. The C 
chemokine seems to be lymphocyte specific. The fourth subgroup is the C-X3-C subgroup. 
The C-X3-C chemokine (fractalkine/neurotactin) has three amino acid residues between the 
first two cysteine. It is tethered directly to the cell membrane via a long mucin stalk and 
induces both adhesion and migration of leukocytes. 

G PROTEIN RECEPTORS 

[0066] In a preferred embodiment of the present invention, a secreted 
Lactobacillus compound causes indirectly or directly action on a G protein receptor in a 
cell. A skilled artisan recognizes that a G protein normally lies near the receptor in an 
inactive, quiet state. When the receptor gets activated by ligand binding, it will rapidly 
trigger the G protein. The G protein responds by switching itself on into an active state. 
Once i n t he active s tate, the G p rotein w ill s end s ignals f urther i nto t he c ell, o ne s ignal 
being, either directly or indirectly, reduction in cytokine and/or chemokine expression (such 
as posttranscriptionally). However, the G protein will remain in the active state for only a 
brief period of time, after which it will shut itself off. In effect, the G protein acts like a 
binary switch that, once turned on, will remain on for a limited period of time before it shuts 
itself off. 

[0067] The G protein's two states (on or off) are determined by the guanine 
nucleotide that it binds (hence the term G protein). When it is inactive it binds GDP, but 
when it is active it binds GTP. Accordingly, the resting state off form of the G protein 
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comprises bound GDP. When a ligand- activated receptor triggers it, the G protein releases 
its b ound GDP and allows a GTP m olecule t o b ind, and this G TP-bound form o f the G 
protein represents the active ON configuration of the G protein. While in the activated state, 
the G protein effects downstream signals. After a short period of time (seconds or less), the 
G protein will then hydrolyze its own GTP down to GDP, thereby shutting itself off. This 
hydrolysis represents a negative feedback mechanism, which ensures that the G protein is 
only in the active, signal- emitting on mode for a brief period of time. 

[0068] Examples of G protein receptors in immune cells are well known in the 
art, but specific examples include at least CCR1; CCR4; CXCR1; CXCR2; CXCR4; HM63; 
FPR1; EX33; the EGF-TM7 group, which comprises mouse F4/80, human EGF module- 
containing mucin-like hormone receptor (EMR) 1, human EMR2, and human and mouse 
CD97. A skilled artisan is aware of a variety of sources listing G protein receptors, 
including databases available on the World Wide Web, such as the G Protein Coupled 
Receptor Database. 

POSTTRANS CRIPTION AL MODIFICATION 

[0069] . In one embodiment of the present invention, cytokine production (also 
referred to as expression) and/or chemokine production is altered in response to providing a 
Lactobacillus-produced soluble molecule. A skilled artisan recognizes that this post- 
transcriptional modification preferable reduces cytokine production, thereby providing anti- 
inflammatory effects. In specific embodiments, post-transcriptional modification of more 
than one cytokine and/or chemokine occurs. 

[0070] Specific examples of post-transcriptional modification are well known 
in the art. Examples include at least: utilization of multigenic transcription units; utilization 
of alternative promoters; alternative splicing; alternative polyadenylation; post-translational 
cleavage; posttranscriptional silencing, such as induced by double-stranded RNA (dsRNA) 
(known as RNA interference (RNAi)); C to U RNA editing; phosphorylation; antisense 
transcription from a bidirectional promoter; La protein binding (La protects RNAs from 3' 
exonucleolytic digestion and also contributes to their nuclear retention); Q/R RNA editing; 
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base deamination RNA editing; G-to-A editing; C-to-U editing; degradation; or a 
combination thereof. 

[0071] As indicated, RNA editing is one form of posttranscriptional 
modification. RNA editing results in the generation of nucleotides within an RNA transcript 
that do not match the bases present within the genome. Mammalian RNA editing events, 
usually cytidine-to-uridine and adenosine-to-inosine conversions, are predominantly 
mediated by base deamination. 

[0072] A skilled artisan is aware of examples of factors mediating the 
stability of TNFoc, such as in myeloid cells stimulated with lipopolysaccharide (Mahtani et 
aL y 2001, and references cited therein). Specifically, Mahtani and coworkers show that 
phosphorylation of tristetraprolin is mediated by the p38-regulated kinase MAPKAPK2, 
providing a direct link to mechanisms that regulate TNFa gene expression at a 
posttranscriptional level. 

RATIONAL DRUG DESIGN 

[0073] The goal of rational drug design is to produce structural analogs of 
biologically active polypeptides or compounds with which they interact (agonists, 
antagonists, inhibitors, binding partners, etc.). By creating such analogs, it is possible to 
fashion drugs that are more active or stable than the natural molecules, which have different 
susceptibility to alteration, or which may affect the function of various other molecules. In 
one approach, one would generate a three-dimensional structure for a polypeptide secreted 
from Lactobacillus or other lactic acid bacteria, particularly comprising anti-inflammatory 
activity, or a fragment thereof. This could be accomplished by x-ray crystallography, 
computer modeling or by a combination of both approaches. An alternative approach, 
"alanine scan," involves the random replacement of residues throughout molecule with 
alanine, and the resulting affect on function determined. 

[0074] It also is possible to isolate a specific antibody to the polypeptide 
secreted f rom L actobacillus or o ther 1 actic a cid bacterial s pecies, p articularly c omprising 
anti-inflammatory activity, selected by a functional assay, and then solve its crystal 
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structure. In principle, this approach yields a pharmacore upon which subsequent drug 
design can be based. It is possible to bypass protein crystallography altogether by 
generating anti-idiotypic antibodies to a functional, pharmacologically active antibody. As 
a mirror image of a mirror image, the binding site of anti-idiotype would be expected to be 
an analog of the original antigen. The anti-idiotype could then be used to identify and 
isolate peptides from banks of chemically- or biologically-produced peptides. Selected 
peptides would then serve as the pharmacore. Anti-idiotypes may be generated using the 
methods described herein for producing antibodies, using an antibody as the antigen. 

[0075] Thus, one may design drugs which have improved anti-inflammatory 
activity or which act as stimulators, inhibitors, agonists, or antagonists of a cytokine or a 
chemokine, or molecules affected by function of a cytokine or chemokine. Sufficient 
amounts of a compound of the present invention can be produced to perform 
crystallographic studies. In addition, knowledge of the polypeptide sequences permits 
computer-employed predictions of structure- function relationships. 

[0076] The present invention also encompasses the use of various animal 
models. By developing or isolating mutant cell lines that comprise increased levels of TNF- 
ot, one can, in some embodiments, generate colitis models in rodents, such as mice, that will 
be highly predictive of same in humans and other mammals. Transgenic animals that lack a 
wild-type cytokine and/or chemokine may be utilized as models for colitis development and 
treatment. 

[0077] Treatment of animals with test compounds will involve the 

administration of the compound, in an appropriate form, to the animal. Administration will 
be by any route that could be utilized for clinical or non-clinical purposes, including but not. 
limited to oral, nasal, buccal, rectal, vaginal or topical. Alternatively, administration may be 
by intratracheal instillation, bronchial instillation, intradermal, subcutaneous, intramuscular, 
intraperitoneal or intravenous injection. Specifically contemplated are systemic intravenous 
injection, regional administration via blood or lymph supply and intraenteral injection. 

[0078] Determining the effectiveness of a compound in vivo may involve a 
variety of different criteria. Such criteria include, but are not limited to, survival, reduction 
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of colitis symptom or symptoms, inhibition or prevention of colitis, increased activity level, 
and improved colonic function. 

PHARMACEUTICAL COMPOSITIONS AND ROUTES OF ADMINISTRATION 

[0079] Compositions of the present invention may have an effective amount 
of a Lactobacillus-secreted anti-inflammatory compound for therapeutic administration for 
a colon disease, joint disease, or any inflammatory condition, such as a systemic 
inflammatory condition, and, in some embodiments, in combination with an effective 
amount of a compound (second agent) that is an anti-colitis disease agent and/or anti- 
inflammation agent. Such compositions will generally be dissolved or dispersed in a 
pharmaceutically acceptable carrier or aqueous medium. 

[0080] The phrases "pharmaceutically or pharmacologically acceptable" refer 
to molecular entities and compositions that do not produce an adverse, allergic or other 
untoward reaction when administered to an animal, or human, as appropriate. As used 
herein, "pharmaceutically acceptable carrier" includes any and all solvents, dispersion 
media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents 
and the like. The use of such media and agents for pharmaceutical active substances is well 
known in the art. Except insofar as any conventional media or agent is incompatible with 
the active ingredients, its use in the therapeutic compositions is contemplated. 
Supplementary active ingredients, such as other anti-cancer agents, can also be incorporated 
into the compositions. 

[0081] In addition to the compounds formulated for parenteral administration, 
such as intravenous or intramuscular injection, other pharmaceutically acceptable forms 
include, e.g., tablets or other solids for oral administration; time release capsules; and any 
other form currently used, including cremes, lotions, mouthwashes, inhalants and the like. 

[0082] The expression vectors and delivery vehicles of the present invention 
may include classic pharmaceutical preparations. Administration of these compositions 
according to the present invention will be via any common route so long as the target tissue 
is available via that route. This includes oral, nasal, buccal, rectal, vaginal or topical. 
Alternatively, administration may be by orthotopic, intradermal, subcutaneous, 
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intramuscular, intraperitoneal or intravenous injection. Such compositions would normally 
be administered as pharmaceutically acceptable compositions, described supra. 

[0083] Delivery vehicles, vectors, and/or pharmaceutical compositions of the 
present invention are advantageously administered in the form of injectable compositions 
either as liquid solutions or suspensions; solid forms suitable for solution in, or suspension 
in, liquid prior to injection also may be prepared. These preparations also may be 
emulsified. A typical composition for such purposes comprises a 50 mg or up to about 100 
mg of human serum albumin per milliliter of phosphate buffered saline. Other 
pharmaceutically acceptable carriers include aqueous solutions, non-toxic excipients, 
including salts, preservatives, buffers and the like. Examples of non-aqueous solvents are 
propylene glycol, polyethylene glycol, vegetable oil and injectable organic esters, such as 
theyloleate. Aqueous carriers include water, alcoholic/aqueous solutions, saline solutions, 
parenteral vehicles such as sodium chloride, Ringer's dextrose, etc. Intravenous vehicles 
include fluid and nutrient replenishers. Preservatives include antimicrobial agents, anti- 
oxidants, chelating agents and inert gases. The pH and exact concentration of the various 
components in the pharmaceutical are adjusted according to well-known parameters. ( 

[0084] Formulations are suitable for oral administration. Oral formulations 
include such typical excipients as, for example, pharmaceutical grades of mannitol, lactose, 
starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate and the 
like. The compositions take the form of solutions, suspensions, tablets, pills, capsules, 
sustained release formulations or powders. When the route is topical, the form may be a 
cream, ointment, salve or spray. 

[0085] An effective amount of the therapeutic agent is determined based on 
the intended goal. The term "unit dose" refers to a physically discrete unit suitable for use 
in a subject, each unit containing a predetermined quantity of the therapeutic composition 
calculated to produce the desired response in association with its administration, i.e., the 
appropriate route and treatment regimen. The quantity to be administered, both according to 
number of treatments and unit dose, depends on the subject to be treated, the state of the 
subject and the protection desired. Precise amounts of the therapeutic composition also 
depend on the judgment of the practitioner and are peculiar to each individual. 

BI0A5312 24 



WO 2004/069178 



PCT/US2004/002789 



[0086] All of the essential materials and reagents required for prevention 
and/or treatment of an inflammatory disease, such as colitis, may be assembled together in a 
kit. When the components of the kit are provided in one or more liquid solutions, the liquid 
solution preferably is an aqueous solution, with a sterile aqueous solution being particularly 
preferred. 

[0087] For in vivo use, an anti-inflammation disease agent and/or anti-cblitis 
agent may be formulated into a single or separate pharaiaceutically acceptable syringeable 
composition. In this case, the container means may itself be an inhalant, syringe, pipette, 
eye dropper, or other such like apparatus, from which the formulation may be applied to an 
infected area of the body, such as the lungs, injected into an animal, or even applied to and 
mixed with the other components of the kit. 

[0088] The components of the kit may also be provided in dried or lyophilized 
forms. When reagents or components are provided as a dried form, reconstitution generally 
is by the addition of a suitable solvent. It is envisioned that the solvent also may be 
provided in another container means. The kits of the invention may also include an 
instruction sheet defining administration of the gene therapy and/or the anti-colitis disease 
drug. 

[0089] The kits of the present invention also will typically include a means for 
containing the vials in close confinement for commercial sale such as, e.g., injection or 
blow-molded plastic containers into which the desired vials are retained. Irrespective of the 
number or type of containers, the kits of the invention also may comprise, or be packaged 
with, an instrument for assisting with the injection/administration or placement of the 
ultimate complex composition within the body of an animal. Such an instrument may be an 
inhalant, syringe, pipette, forceps, measured spoon, eye-dropper or any such medically 
approved delivery vehicle. 

[0090] The active compounds of the present invention will often be 
formulated for parenteral administration, e.g., formulated for injection via the intravenous, 
intramuscular, subcutaneous, or even intraperitoneal routes. The preparation of an aqueous 
composition that contains a second agent(s) as active ingredients will be known to those of 
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skill in the art in light of the present disclosure. Typically, such compositions can be 
prepared as injectables, either as liquid solutions or suspensions; solid forms suitable for 
using to prepare solutions or suspensions upon the addition of a liquid prior to injection can 
also be prepared; and the preparations can also be emulsified. 

[0091] Solutions of the active compounds as free base or pharmacologically 
acceptable salts can be prepared in water suitably mixed with a surfactant, such as 
hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid polyethylene 
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, 
these preparations contain a preservative to prevent the growth of microorganisms. 

[0092] The pharmaceutical forms suitable for injectable use include sterile 
aqueous solutions or dispersions; formulations including sesame oil, peanut oil or aqueous 
propylene glycol; and sterile powders for the extemporaneous preparation of sterile 
injectable solutions or dispersions. In all cases the form must be sterile arid must be fluid to 
the extent that easy syringability exists. It must be stable under the conditions of 
manufacture and storage and must be preserved against the contaminating action of 
microorganisms, such as bacteria and fungi. 

[0093] The active compounds may be formulated into a composition in a 
neutral or salt form. Pharmaceutically acceptable salts, include the acid addition salts 
(formed with the free amino groups of the protein) and which are formed with inorganic 
acids such as, for example, hydrochloric or phosphoric acids, or such organic acids as 
acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the free carboxyl groups 
can also be derived from inorganic bases such as, for example, sodium, potassium, 
ammonium, calcium, or ferric hydroxides, and such organic bases as isopropylamine, 
trimethylamine, histidine, procaine and the like. 

[0094] The carrier can also be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 
polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The proper 
fluidity can be maintained, for example, by the use of a coating, such as lecithin, by the 
maintenance of the required particle size in the case of dispersion and by the use of 
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surfactants. The prevention of the action of microorganisms can be brought about by 
various antibacterial ad antifungal agents, for example, parabens, chlorobutanol, phenol, 
sorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic 
agents, for example, sugars or sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compositions of agents delaying 
absorption, for example, aluminum monostearate and gelatin. 

[0095] Sterile injectable s olutions are prepared by incorporating the active 
compounds in the required amount in the appropriate solvent with various of the other 
ingredients enumerated above, as required, followed by filtered sterilization. Generally, 
dispersions are prepared by incorporating the various sterilized active ingredients into a 
sterile vehicle that contains the basic dispersion medium and the required other ingredients 
from those enumerated above. In the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation are vacuum-drying and freeze- 
drying techniques which yield a powder of the active ingredient plus any additional desired 
ingredient from a previously sterile- filtered solution thereof. 

[0096] In certain cases, the therapeutic formulations of the invention could 
also be prepared in forms suitable for topical administration, such as in cremes and lotions. 

[0097] Upon formulation, solutions will be administered in a manner 
compatible with the dosage formulation and in such amount as is therapeutically effective. 
The formulations are easily administered in a variety of dosage forms, such as the type of 
injectable solutions described above, with even drug release capsules and the like being 
employable. 

[0098] For parenteral administration in an aqueous solution, for example, the 
solution should be suitably buffered if necessary and the liquid diluent first rendered 
isotonic with sufficient saline or glucose. These particular aqueous solutions are especially 
suitable for intravenous, intramuscular, subcutaneous and intraperitoneal administration. In 
this connection, sterile aqueous media that can be employed will be known to those of skill 
in the art in light of the present disclosure. For example, one dosage could be dissolved in 1 
mL o f i so tonic N aCl s olution a nd e ither added tolOOOmLofh ypodermoclysis fluid o r 
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injected at the proposed site of infusion, (see for example, "Remington's Pharmaceutical 
Sciences" 15th Edition, pages 1035-1038 and 1570-1580). Some variation in dosage will 
necessarily occur depending on the condition of the subject being treated. The person 
responsible for administration will, in any event, determine the appropriate dose for the 
individual subject. 

[0099] Targeting of intestinal tissues may be accomplished in any one of a 
variety of ways. Plasmid vectors and retroviral vectors, adenovirus vectors, and other viral 
vectors all present means by which to target intestinal tissue. The inventors anticipate 
particular success for the use of liposomes to target the polypeptide of the present invention 
or a nucleic acid encoding same to cells, examples of which include immune cells. For 
example, DNA encoding the polypeptide may be complexed with liposomes in the manner 
described above, and this DNA/liposome complex is injected into patients with 
inflammatory disease, wherein intravenous injection can be used to direct the DNA to any 
cell Directly injecting the liposome complex into the proximity of the diseased, tissue can 
also provide for targeting of the c omplex with some forms of inflammatory disease. Of 
course, the potential for liposomes that are selectively taken up by a population of cells 
exists, such as immune cells, and such liposomes will also be useful for targeting the gene. 

[01 00] Those of skill in the art will recognize that the best treatment regimens 
for using a compound of the present invention to treat intestinal tissue can be 
straightforwardly determined. This is not a question of experimentation, but rather one of 
optimization, which is routinely conducted in the medical arts. In one exemplary 
embodiment, in vivo studies in nude mice provide a starting point from which to begin to 
optimize the dosage and delivery regimes. The frequency of injection will initially be once 
a wk, as was done some mice studies. However, this frequency might be optimally adjusted 
from one day to every two weeks to monthly, depending upon the results obtained from the . 
initial clinical trials and the needs of a particular patient. Human dosage amounts can 
initially be determined by extrapolating from the amount of compound used in mice. In 
certain embodiments it is envisioned that the dosage may vary from between about lmg 
polypeptide-encoding DNA/Kg body weight to about 5000 mg polypeptide-encoding 
DNATKgbody weight; or from about 5 mg/Kg body weight to about 4000 mg/Kg body 
weight or from about lOmg/Kg body weight to about 3000 mg/Kg body weight; or from 
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about 50mg/Kg body weight to about 2000 mg/Kg body weight; or from about lOOmg/Kg 
body weight to about 1000 mg/Kg body weight; or from about 150 mg/Kg body weight to 
about 500 mg/Kg body weight. In other embodiments this dose may be about 1, 5, 10, 25, 
50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 
950, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500, 1600, 1700, 1800, 
1900, 2000, 2500, 300.0, 3500, 4000, 4500, 5000 mg/Kg body weight. In other 
embodiments, it is envisaged that higher does may be used, such doses may be in the range 
of about 5 mg polypeptide-encoding DNA/Kg body to about 20 mg polypeptide-encoding 
DNA/Kgbody. In other embodiments the doses may be about 8, 10, 12, 14, 16 or 18 
mg/Kg body weight. Of course, this dosage amount may be adjusted upward or downward, 
as is routinely done in such treatment protocols, depending on the results of the initial 
clinical trials and the needs of a particular patient. 

[0101] In a specific embodiment of the present invention, the compound is 
administered by mouth as pill or capsule, or, in an alternative embodiment, by rectum. For 
rectum administration, assistance by a device, such as an endoscope and/or a colonoscope, 
may be useful. 

KITS 

[0102] Any of the compositions described herein may be comprised in a kit. 
In a non-limiting example, the stem cells, lipid, and/or additional agent, may be comprised 
in a kit. The kits will thus comprise, in suitable container means, the stem cells and a lipid, 
and/or an additional agent of the present invention. 

[01 03] The k its m ay comprise a s uitably aliquoted s tern c ells, 1 ipid a nd/or 
additional agent compositions of the present invention, whether labeled or unlabeled, as 
may be used to prepare a standard curve for a detection assay. The components of the kits 
may be packaged either in aqueous media or in lyophilized form. The container means of 
the kits will generally include at least one vial, test tube, flask, bottle, syringe or other 
container means, into which a component may be placed, and preferably, suitably aliquoted. 
Where there are more than one component in the kit, the kit also will generally contain a 
second, t hird o r o ther a dditional c ontainer i nto w hich t he a dditional c omponents m ay b e 

BIOA5312 29 



WO 2004/069178 PCT/US2004/002789 



separately placed. However, various combinations of components may be comprised in a 
vial. The kits of the present invention also will typically include a means for containing the 
stem cells or the pharmacological composition of the present invention, lipid, additional 
agent, and any other r eagent c ontainers in c lose c onfinement for commercial sale. Such 
containers may include injection or blow-molded plastic containers into which the desired 
vials are retained. 

[0104] Therapeutic kits of the present invention are kits comprising the stem 
cells. Such kits will generally contain, in suitable container means, a pharmaceutically 
acceptable formulation of the stem cells. The kit may have a single container means, and/or 
it may have distinct container means for each compound. 

[0105] When the components of the kit are provided in one and/or more liquid 
solutions, the liquid solution is an aqueous solution, with a sterile aqueous solution being 
particularly preferred. The stem cell compositions may also be formulated into a 
syringeable composition. In which case, the container means may itself be a syringe, 
pipette, and/or other such like apparatus, from which the formulation may be applied to an 
infected area of the body, injected into an animal, and/or even applied to and/or mixed with 
the other components of the kit. 

[0106] However, the components of the kit may be provided as dried 
powder(s). When reagents and/or components are provided as a dry powder, the powder 
can be reconstituted by the addition of a suitable solvent. It is envisioned that the solvent 
may also be provided in another container means. 

[0107] The container means will generally include at least one vial, test tube, 
flask, b ottle, sy ringe a nd/or o ther c ontainer m eans, i nto w hich t he s tern c ells a re p laced, 
preferably, suitably allocated. The kits may also comprise a second container means for 
containing a sterile, pharmaceutically acceptable buffer and/or other diluent. 

[0108] The kits of the present invention will also typically include a means for 
containing the vials in close confinement for commercial sale, such as, e.g., injection and/or 
blow-molded plastic containers into which the desired vials are retained. 
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[0109] Irrespective of the number and/or type of containers, the kits of the 
invention may also comprise, and/or be packaged with, an instrument for assisting with the 
injection/administration and/or placement of the ultimate the stem cell composition within 
the body of an animal Such an instrument may be a syringe, pipette, forceps, and/or any 
such medically approved delivery vehicle. 

EXAMPLES 

[0110] The following examples are included to demonstrate preferred 
embodiments of the invention. It should be appreciated by those of skill in the art that the 
techniques disclosed in the examples that follow represent techniques discovered by the 
inventors to function well in the practice of the invention, and thus can be considered to 
constitute preferred modes for its practice. However, those of skill in the art should, in light 
of the present disclosure, appreciate that many changes can be made in the specific 
embodiments which are disclosed and still obtain a like or similar result without departing 
from the spirit and scope of the invention. 

EXAMPLE 1 

LGG-MEDIATED INHIBITION OF TNF-a PRODUCTION BY LPS- ACTIVATED 

MACROPHAGES 

[0111] We developed an in vitro bio assay to look at the ability of lactic acid 
bacterial s pecies tod own-regulate i nflammatory r esponses i n c ultured m acrophages ( Fig. 
1). Cells of the innate immune system utilize germ line-encoded pattern recognition 
receptors (PRRs) to recognize pathogen-or commensal-associated molecular patterns 
(P/CAMPs). One such P/CAMP is bacterial LPS, which that serves as a ligand to the PRR, 
Toll-like receptor 4 (TLR4) (Lien et aL, 2000;Poltorak et aL, 1998). We used RAW 264.7 
macrophages, a transformed peritoneal macrophage line from BALB/c mice, as reporter 
cells (Raschke et aL, 1978). Both wild-type RAW 264.7 macrophages and a spontaneous 
mutant, RAW 264.7 gamma NO(-) were compared. The gamma NO(-) cell is a 
spontaneous mutant requiring both IFN-y and LPS for production of nitric oxide and full 
activation (Lowenstein et aL, 1993). Briefly, RAW 264.7 macrophages were cultured and 
exposed to LPS, and macrophage culture supernatants were collected at 30 min, 1, 3, 5, 7, 9, 

BIOA5312 31 



WO 2004/069178 PCT/US2004/002789 



12 and 24 h post-activation. Maximal TNF-a secretion, after LPS activation, was reached 
at approximately 5 hours, with no significant differences when compared to 24 h post- 
activation, as measured by quantitative ELISA. Levels of TNF-a production were noted to 
be higher in wild-type macrophages versus the gamma NO (-) cells (levels per 50,000 cells: 
>2500 pg/ml and 2000-2500 pg/ml, respectively). It must be noted that these levels may 
overestimate the levels of TNF-a homotrimers as quantitative ELISAs are designed to 
detect all forms of TNF-a including monomers and dimers. 

[0112] Viable, intact ultraviolet light (UV)-killed, and sonicated Lactobacillus 
cells had different effects on LPS-mediated activation of macrophages in co-incubation 
experiments- Exposure of macrophages to either viable or UV-killed bacteria did not 
induce TNF-a secretion, whereas bacterial cell sonicates elicited high levels of TNF-a (data 
not shown). Both intact viable and UV-killed LGG cells failed to abrogate TNF-a 
production when macrophages were co-exposed to LPS. 

[0113] Bacterial cell-free conditioned media from E. coli Nissle and different 
lactobacilli were tested for effects on pro-inflammatory cytokine output (Fig. 2). 
Immunomodulatory e ffects w ere o bserved w ith cell-free c onditioned m edia d erived from 
LGG indicating the presence of a soluble immune response modulating molecule, or 
immunomodulin(s). In the presence of LGG-conditioned media (LGG-cm), LPS-activated 
macrophages have a significant decrease in TNF-a secretion when compared to 
macrophages exposed to LPS alone (p<0.025). The ability of LGG to inhibit LPS-induced 
TNF-a production in macrophages depended on the relative concentrations of LPS and 
putative bacterial immunomodulins. As the concentration of LPS is increased, the ability of 
LGG-cm to modulate TNF-a response is diminished (data not shown). Conversely, 
maintaining the LPS concentration at 2 ng/well and varying the amount of LGG-cm yielded 
similar results. 

[0114] Since the modulatory activity of LGG-cm seemed to be concentration- 
dependent, we examined whether the ability to inhibit LPS-mediated TNF-a production 
(with 2 ng LPS/well) by the putative immunomodulin was bacterial-density dependent. 
LGG-cm collected at 4, 8 and 24 h post-inoculation were compared. These three time 
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points represent early log, mid-log and late logarithmic/early plateau phases of LGG 
growth, respectively, based on absorbance spectrophotometry. The immunomodulatory 
activity was most potent in LGG-cm harvested at 24 h, while conditioned media of bacteria 
in log phase had only partial immunomodulatory activity. Re-challenge experiments were 
performed to determine the longevity of the TNF-a inhibitory activity. Macrophages were 
stimulated using LGG-cm with LPS or LPS alone. At the end of 5 h post-activation, cell 
culture media was removed and replenished with fresh media. After 24 h, both LGG with 
LPS- or LPS-treated cells were re-challenged with LPS alone. TNF-cc was detectable in 
both groups, showing that the putative immunomodulin blocks TNF-a in a reversible 
manner (Fig. 3). 

[0115] Macrophages and other immune cells recognizing P/CAMPs via PRRs 
are thought to require soluble co-factors in serum, such as soluble CD14 (sCD14) and LPS- 
binding proteins (LBP) (Muta and Takeshige, 2001). Bioassays were performed in serum- 
free media and TNF-a was measured in LPS-exposed cells. In our in vitro system, LPS- 
induced TNF-a production by macrophages was independent of serum-soluble co-factors, 
although there was a slight, but insignificant, difference in the production of TNF-a in 
serum-deprived cells compared to serum-supplemented macrophages. Importantly, LGG 
immunomodulatory activity was retained in the absence of serum (Fig. 4). 

EXAMPLE 2 

LGG-MEDIATED INHIBITION OF TNF-a PRODUCTION BY LT A- ACTIVATED 

MACROPHAGES 

[0116] Other pathogen or commensal associated molecular pattern (P/CAMP) 
biomolecules, such as Gram-positive bacterial lipoteichoic acid (LTA), have been shown to 
activate macrophages via PRRs (Takeuchi et al 9 1999). To explore the Toll-like receptor 
(TLR2)-mediated pathway, LGG-conditioned media was added to LTA-activated 
macrophages. Indeed, LGG-cm inhibited TNF-a secretion by macrophages induced by 
LTA from S. aureus, E. faecalis or B. subtilis. In this assay, LTA was able to induce TNF- 
a levels that were comparable to that of LPS. It is worth mentioning that while 
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concentrations of LTA used in the bioassays were more than ten times that of LPS (25 
ng/50000 cells and 2 ng/50000 cells, respectively), the same amount of LGG-cm inhibited 
TNF-a secretion for both LTA- and LPS-activated macrophages (see Experimental 
Procedures). However, when macrophages were exposed to both LPS and LTA, the TNF- 
oc-inhibitory activity of LGG is partially reduced (Fig. 5). These results suggest that dual 
stimulation of TLR2 and TLR4-mediated pathways partially overcome the block in TNF-a 
production. 

EXAMPLE 3 

EVALUATION OF CYTOKINE PROFILES AND BACTERIAL-BACTERIAL 

ANTAGONISM 

[0117] To further understand the implications of TNF-a inhibition by LGG on 
the cytokine network of the innate immune response, we evaluated cytokine profiles of 
LPS-stimulated macrophages in the presence or absence of LGG-cm. Bioassays were 
performed and cytokines quantitated by the Luminex LabMAP 100 ™ System (Martins et 
al., 2002). fciterleukin-lp (IL-lp), EL- 10, IL-12 and TNF-a, but not granulocyte- 
macrophage colony stimulating factor (GM-CSF), interleukin-6 (IL-6) and interferon- 
gamma (IFN-y), were detected in culture supernatants of LPS-stimulated macrophages. 
Levels of IL-ip and IL-10 in LGG-treated-LPS-stimulated macrophages were comparable 
to quantities produced by LPS-stimulated cells. A seven-fold reduction was observed in 
TNF-a levels in LGG-treated LPS-stimulated cells compared to LPS alone, similar to 
ELISA data. Interestingly, the levels of IL-10 were unaffected whether macrophages were 
exposed to LPS alone or co-incubated with LGG-cm. LGG-treated macrophages had 
diminished TNF-cc/IL-10 ratios compared to LPS alone (Fig. 6) indicating a net 
immunomodulatory effect. Since Gram-negative bacterial-derived products stimulate naive 
macrophages, we wanted to establish whether LGG could prevent TNF-a production 
induced by E. coli or pathogenic helicobacters. In our assay, conditioned media of Gram- 
negative bacteria such as E. coli, K pylori or H. hepaticus, are capable of inducing TNF-a 
secretion by macrophages. However, neither H. pylori- or H. hepaticus-derived P/CAMPs 
present in conditioned media are as potent as E. co/i-derived P/CAMPs in stimulating TNF- 
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a secretion in macrophages. Intragenus comparison of macrophage activation shows that 
H. /^/-/-conditioned media elicits about 900 pg/ml TNF-cc while H. kepaticus produces 
approximately half of H. pylori-mfaxczd levels. In the presence of LGG-cm, TNF-a 
induction is significantly inhibited indicating antagonism of LGG-derived immunomodulins 
versus Helicobacter-dorived immunostimulatory factors (pO.Ol). It is interesting to note 
that induction by E. coli is not affected by the addition of LGG-cm. LGG may inhibit TNF- 
a only when LPS (or an immunostimulatory P/CAMP) of a given nature or particular 
threshold concentration is present (Fig. 7). 

[0118] To further characterize this putative immunomodulin, conditioned 
media from LGG was treated with DNase I, Proteinase K or Protease E. Protease digestion 
of conditioned media, followed by heat inactivation of proteases, resulted in partial, but 
significant (p<0.05), loss of TNF-a inhibitory activity of LGG-cm relative to unmodified 
LGG-cm (Fig. 8). This implies that the putative immunomodulin has a protein or peptide 
component that inhibits TNF-a production in macrophages. 

EXAMPLE 4 

SIGNIFICANCE OF THE PRESENT INVENTION 

[0119] In summary, these results indicate that Z. rhamnosus GG specifically 
inhibits TNF-a production and reduces TNF-a/IL-10 ratios in a murine macrophage model. 
The n et e ffect i s i mmunomodulatory i n n ature. Other L actobacillus s pecies d id n ot h ave 
such a modulatory effect, demonstrating that specific immune effects may be species- or 
strain-specific. It is believed that in vivo, extracellular pH may influence the immune 
response (Lardner, 2001). Lactobacillus culture media (MRS broth) is slightly acidic (pH 
~6) and utilization of carbohydrates in the media by lactic acid bacteria further decreases 
pH to ~4. The addition of lactobacillus-conditioned media to macrophage cell cultures 
(RAW Assay) shifted pH to the acidic range and may have impacted TNF-a production. To 
address the possible impact of pH on TNF-a production, MRS broth was acidified to a pH 
comparable to lactobacilli conditioned media (approximately pH 4) and used as controls. 
Acidified MRS did not inhibit LPS-mediated TNF-a production and that acidified MRS 
alone, could not induce TNF-a production in naive macrophages (data not shown). 
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[0120] Additionally, if lactic acid were to artificially impact TNF-a 
production, our observation of L. rhamnosus GG-mediated decrease in TNF-a production 
would be more widespread (i.e. more isolates would exhibit this effect). Most species and 
isolates of lactobacilli ferment different carbohydrates into lactic acid, when cultured under 
lowered oxygen tension. Since we have only found TNF-a inhibition in less than ten strains 
out of over 100 tested, it seems highly unlikely that lactic acid or other acid metabolites 
impart TNF-a inihibition. Our data is further supported by findings of (Jensen et al, 1990) 
that lactic acidosis increases TNF-a production in rat peritoneal macrophages. 

[0121] This effect is serum- and contact-independent, requiring the presence 
of soluble LGG immunomodulins for complete modulatory activity. Other NF-kB- 
dependent cytokines such as interleukin-12 (IL-12) are not inhibited and EL- 10 production is 
unaffected. Thus, this modulatory effect appears to be specific for TNF-a and may be NF- 
KB-independent. Intestinal lactobacilli produce soluble protein factors that presumably bind 
to cell surface receptors and somehow inhibit synthesis or secretion of TNF-a independent 
of pro-apoptotic effects or cell necrosis (so that preferably these compounds do not kill 
human cells and/or damage them by toxic effects). 

[0122] TNF-a represents a potent pro-inflammatory cytokine produced by 
activated macrophages which stimulates Thl immune responses. TNF-a production in LPS- 
activated macrophages is dependent on NF-kB activation. NF-kB is considered to be a key 
transcriptional regulator of pro-inflammatory genes important in host innate immune 
responses. Inhibition of TNF-a production may be secondary to interference with NF-kB 
activation, blocking transcription of TNF-a. With respect to LGG and murine macrophages, 
this pathway does not appear to be affected because other NF-KB-regulated genes such as 
IL-12 are not diminished. Data indicates that TNF-a mRNA levels are unaffected in LPS- 
or LTA-activated macrophages. Instead, it appears that TNF-a production is specifically 
inhibited by a post-transcriptional mechanism. 

[0123] Commensal bacteria are known to produce immunoregulatory factors 
that may enhance infection in the host by modulating immune responses (Wilson et ai 9 
1998). Such immunomodulins may have important roles in maintaining intestinal health and 
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quenching systemic inflammatory response. Lactobacillus paracasei induces populations of 
regulatory CD4+ T cells which produce high levels of the modulatory cytokines, EL- 10 and 
transforming growth factor - p (TGF-p) (von der Weid et al. y 2001). Lactobacilli modulate 
cytokine production in bone marrow-derived dendritic cells with a net effect of altering 
overall cytokine profiles in a species-dependent manner (Christensen et ai, 2002). Non- 
virulent Salmonella strains regulate NF-KB-dependent induction of pro-inflammatory 
cytokine production by preventing ubiquitination of the NF-kB inhibitory subunit, IkBgc 
(Neishe/a/.,2000). 

[0124] Prokaryotes have developed mechanisms for inhibiting pro- 

inflammatory cytokine responses and facilitating long-term colonization and microbialrhost 
co-existence. Lactobacilli may exert different effects on both mucosal and systemic 
cytokine levels in rodent models (Ha et al 9 1999;Tejada-Simon et ah, 1999) and highlight 
the importance of examining quantitative differences in cytokine synthesis. These 
seemingly disparate results emphasize the importance of distinguishing experimental studies 
with lysates versus intact cells or conditioned media. Additionally, different species or' 
strains of any genus may have distinct biologic effects. The biologic unit of importance for 
pathogenesis and commensalism is ultimately the clone. In support of the strain differences, 
studies have demonstrated the strain-dependence of immunopotentiating effects of 
Lactobacillus delbrueckii (Nagafuchi et ah, 1999). 

[0125] Pathogenic bacteria produce proteins that diminish TNF-a expression 
in h ost i mmune c ells b y d ifferent m echanisms a nd p resumably facilitate sy stemic s pread 
and proliferation.. For example, Bimcella suis produces a major outer membrane protein, 
Omp25, that inhibits TNF-a production by human macrophages during infection (Jubier- 
Maurin et al 9 2001). Anthrax lethal factor produced by Bacillus anthracis cleaves two 
mitogen-activated protein kinases (MAPKKs) in macrophages, causing a substantial 
reduction in the production of nitrogen oxide (NO) and TNF-a in response to 
lipopolysaccharide or IFN-y (Pellizzari et aL, 1999). The intestinal pathogen Yersinia 
enterocolitica expresses a protein YopP that interferes with TNF-a production in murine 
monocyte-macrophages by interfering with the NF-kB and MAPK pathways (Boland and 
Cornells, 1998). 
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[0126] Probiotic Lactobacillus species as well as other probiotic lactic acid 
bacterial species, have been effective in several animal models and clinical trials. 
Administration of L. reuteri to I L- 10 deficient mice resulted in amelioration of colitis in 
treated animals and apparent shifts in the nature of the intestinal microbiota (Madsen et al y 
1999;Madsen et al. 9 2000). In the acetic acid-induced rat colitis model, L. reuteri and L. 
rhamnosus GG yielded beneficial effects and diminished mucosal inflammation (Holma et 
aly 2001). Different species of Lactobacillus have been included in modern probiotic 
formulations for the treatment of antibiotic-associated colitis, viral gastroenteritis, and 
inflammatory bowel disease in human patients. Oral ingestion of Lactobacillus rhamnosus 
GG has reduced recurrence risk in antibiotic-associated colitis (Bennett et al 9 1996). 
Administration of Lactobacillus reuteri has reduced the length of disease and ameliorated 
symptoms due to rotaviral gastroenteritis (Shornikova et al 9 1997). Finally, the 
administration of a mixture of Lactobacillus and Bifidobacterium sp. (VSL#3) in ulcerative 
colitis patients following colectomy has, reduced recurrence of flare-ups in chronic pouchitis 
(Gionchetti et al 9 2000). 

[0127] Probiotic organisms including members of the genus Lactobacillus or 
other lactic acid bacterial species as known the art offer intriguing possibilities as anti- 
inflammatory biotherapeutic agents. Increased interest in probiotics for the treatment of 
inflammatory and infectious diseases of the gastrointestinal tract has generated enthusiasm 
for new therapeutic regimens, but the optimal bacterial strains for these purposes require 
further investigation. A more complete understanding of the molecular mechanisms of 
immunomodulation w ill facilitate t he d evelopment o f n ext-generation p robiotics and w ill 
enhance our understanding of hostrmicrobial interactions. Co-evolution of host and 
commensal organisms serve as a valuable context for framing the scientific questions as we 
proceed. Clearly commensal bacteria including lactobacilli interact intimately with the host 
mucosa beyond simple adherence. The production of surface-bound and secreted factors 
trigger particular eukaryotic signaling pathways and ultimately affect the production of 
specific host proteins. Such molecular interactions will shed insights and uncover new 
mechanisms into the regulation of mucosal inflammation and host immune responses. 
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EXAMPLE 5 

EXEMPLARY EXPERIMENTAL PROCEDURES 

[0128] Although the following materials and methods are exemplary 
regarding the present invention, in a specific embodiment they are useful for experiments 
described in Examples 1-4. 

Bacteriologic Methods 

[0129] Lactobacillus spp. (L. acidophilus ATCC 4796, Z,. animalis ATCC 
35046, L. rhamnosus GG ATCC 53103, L. johnsonii ATCC 33200, L. murinus ATCC 
35020, L. plantarum ATCC 14917, L. plantarum ATCC 49445, L. reuteri ATCC 53608, L. 
reuteri ATCC 55148, L. salivarius ATCC 11471) and E. coli Nissle (obtained from V. 
Fussing, Statens Serum Institut, Copenhagen , Denmark) were grown in de Man, Rogosa, 
Sharpe (MRS) and Luria-Bertani (LB) media (Difco, Sparks, MD), respectively. Overnight 
cultures of lactobacilli were diluted to an OD600 of 1.0 (representing approximately 10 9 
cells/ml) and further diluted 1:10 and grown for an additional 4, 8 and 24 h. Helicobacter 
pylori Sydney and Helicobacter hepaticus 3B1 were cultured for 48 h in Brucella broth 
(Difco) supplemented with 10% fetal bovine serum (FBS). Cultures were diluted 1:10 and 
grown for another 24 and 48 h. Bacterial cell-free conditioned media was collected by 
centrifugation at 8500 rcf for 10 min at 4°C. Conditioned media was separated from cell 
pellet and filtered through a 0.22 |^m pore filter unit (Millipore, Bedford, MA). Intact UV- 
killed bacteria were prepared by washing lactobacilli in PBS and re-suspending cells to an 
OD 6 oo of 1. Bacterial cells were exposed to 2400 ^joules of UV 2 54nm light in a 
Stratalinker® UV Crosslinker (Stratagene, La Jolla, CA) and plated out on MRS agar to 
assess viability. Intactness of UV-killed cells was assessed by Gram-stain morphology. 

Manipulation of Conditioned Media 

[0130] Lactobacillus-conditioned media was treated with degradative 
enzymes and temperature shifts to determine the nature of immunomodulatory molecules 
possibly secreted by these microorganisms. Conditioned media was subjected to the 
following: three cycles of freezing and thawing, 15 min heating at 95°C, 15 min DNase I 
(Ambion, Austin, TX) treatment at T room , or 20 min digestion at 37°C with Proteinase K or 
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Protease E (Sigma, St. Louis, MO), followed by a 10 minute heat inactivation at 95°C. 
MRS broth was acidified with hydrochloric acid to a pH comparable to lactobacilli 
conditioned media (approximately pH 4) and used as controls. 

Cell Cultures and Bioassays 

[0131] Mouse monocyte/macrophage cell lines, RAW 264.7 (ATCC TIB-71) 
and RAW 264.7 gamma NO (-) (ATCC CRL-2278), were used as reporter cells for studying 
inflammatory response pathways. RAW 264.7 cells were grown in either Dulbecco's 
Modified Eagle Medium (for wild-type macrophages) or RPMI Medium 1640 (for gamma 
NO (-) cells) (Gibco-Invitrogen, Carlsbad, CA) supplemented with 10% FBS and 2% 
antibiotic (5000 units/ml Penicillin and 5 mg/ml Streptomycin, Sigma) at 5% CG 2 37°C 
until 80-90% confluent. Approximately 5 x 10 4 cells were seeded into 96-well cell culture 
clusters and allowed to adhere for 2 h prior to LPS activation and addition of conditioned 
media. Naive RAW 264.7 cells were exposed to cell-free E. coli or Helicobacter 
conditioned media, purified lipopolysaccharide (LPS) from E. coli serotype 0127:B8, or 
lipoteichoic acid (LTA) from Staphylococcus a ureus, Enterococcusfaecalis and Bacillus 
subtilis (Sigma). Activation media was made by adding 2 ng LPS or 25 ng LTA to 20 \x\ 
conditioned m edia p er well. M acrophages w ere exposed t o e ither 2 0 or 2 00 1 actobacilli 
cells/macrophage in intact cell experiments. Macrophages were either pre-incubated or co- 
incubated with cell-free Lactobacillus conditioned media. Recombinant mIL-10 (R&D 
Systems, Minneapolis, MN.) was used as controls for immunoregulation studies. Cell 
viability was assessed by the Trypan-blue (Invitrogen) exclusion assay.Cytokine 
Measurements 

[0132] Production of TNF-a in macrophage cell culture supernatants was 
measured with a mouse TNF-a specific sandwich enzyme immunoassay (Biosource, 
Camarillo, CA.). To study the cytokine milieu of activated macrophage culture in the 
presence of putative immunoregulators, mouse-specific cytokine antibody-bead kits for 
Luminex LabMAP 100 ™ Systems (Biosource) were used to detect and quantify IL-lp, EL- 
6, IL-10, IL-12 (p70 and p40 specific), TNF-a, IFN-y, and GM-CSF in culture supernatants 
in a Luminex 100 instrument (Luminex Corp., Austin, TX). 
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Statistical Analyses 

[0133] All experiments were performed at least three times (each time in 
triplicate) and analyzed using Independent Samples T-Test (SPSS for Windows version 
11.0.1, SPSS Inc., Chicago, IL.) at a significance level of p<0.05. Error bars in figures 
represent standard deviation (SD). 

EXAMPLE 6 

ADDITIONAL EMBODIMENTS 

[0134] Gram stains were done of Lactobacillus rhamnosus GG (LGG), lOOx 
hematoxylin-eosin staining was done of LPS-activated RAW 264.7 macrophages, 40x. 

[0135] FIG. 9 demonstrates the effect of bacteria-conditioned media on LPS- 
activated macrophages. Macrophages were activated with a mixture of LPS and bacteria- 
conditioned media. Culture media was tested 5h post-activation for TNF-oc. Z. acidophilus 
4796 significantly increased TNF-oc production compared to macrophages activated with 
MRS + LPS only (pO.Ol) while L. reuteri ATCC 55148 had no effect. LGG significantly 
decreased TNF-ct production (pO.Ol). Gram-negative bacteria such as E. coli, 
significantly increased TNF-cc production compared to culture media alone. 

[0136] FIG. 10 demonstrates that immunomodulation is not due to pH effects. 
To control for lactic acid production and reduced pH effects, acidified MRS media (pH 4) 
was tested and did not affect TNF-a levels without the presence of LGG-cm. Conditioned 
media derived from other lactic acid bacteria did not inhibit TNF-a secretion and was 
inconsistent with general pH effects due to lactic acid production. 

[0137] FIG. 11 provides effects of LGG-conditioned media on LTA-activated 
macrophages. Macrophages were activated with LTA derived from S. aureus, B. subtilis, 
and E. faecalis. LGG-conditioned media significantly decreased pro-inflammatory cytokine 
expression in LTA-activated macrophages compared to MRS media alone (pO.Ol). 

[0138] FIG. 12 shows that an immunomodulatory effect is retained in the 10 
kDA fraction. LGG-conditioned media was fractionated using size exclusion filters. 
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Inhibition of TNF-oc production was observed in the <10 kDa fraction. In contrast, the 
>10kDa fraction lost immunomodulatory activity. Taken together with previous data from 
the inventors, this indicates that a small peptide is responsible for immunomodulation and 
does not require serum. 

[0139] FIG. 13 shows that immunomodulation utilizes heterotrimeric G 
proteins. Following PTx treatment, RAW 264.7 cells were stimulated with LPS alone or co- 
cultured with Lactobacillus-conditioned media (CM). The ability of Lactobacillus- 
conditioned media to exert TNF-inhibitory effects was partially diminished when RAW 
264.7 cells were intoxicated with PTx. 

[0140] FIG. 14 demonstrates that TNF-a/IL-10 ratios are diminished in 
presence of LGG. Cytokine levels of LPS-activated macrophages were measured using 
mouse-specific multi-cytokine antibody-bead sandwich immunoassays in a Luminex 100 
instrument. Levels of IL-10 and TNF-a in LGG-cm 4- LPS-stimulated macrophage were 
compared relative to macrophages exposed to LPS alone. LGG (L. j'hamnosus-conditioned 
media) and LPS (E. coli 0127:B8-derived lip ©polysaccharide). 

[0141] Not shown in the figures herein are similar results obtained with 
Bifidobacterium and Streptococcus thermophilus. 

EXAMPLE 7 

ADDITIONAL EXEMPLARY PROCEDURES 

[0142] Although the following materials and methods are exemplary 
regarding the present invention, in a specific embodiment they are useful for experiments 
described in Example 6. 

Bacterial Cultures 

[0143] L. rhamnosus GG and E. coli Nissle were grown in MRS media and 
LB media, respectively. Overnight cultures were diluted 1:10 and grown for another 4, 8 
and 24 h. Helicobacter pylori Sydney and Helicobacter hepaticus 3B1 were cultured for 
48h in Brucella broth supplemented with fetal bovine serum (FBS). Cultures were diluted 
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1:10 and grown for another 24 and 48 h. Media conditioned by bacteria was collected by 
centrifiiging cultures: 

RAW Bioassay 

[0144] Peritoneal macrophages from 129 SvEv mice and the 

monocyte/macrophage cell line, RAW 264.7 gamma NO(-), were used as reporter cells for 
studying the inflammatory response pathway. Naive RAW 264.7 gamma NO(-) cells were 
exposed to cell-free E. coli or Helicobacter conditioned media and purified 
lipopolysaccharide (LPS) from E. coli serotype 0127:B8 (Sigma, St. Louis, MO) or Gram- 
positive lipoteichoic acid from Staphylococcus aureus, Bacillus subtilis and Enterococcus 
faecalis (Sigma) while primary macrophages were exposed to LPS or LTA. Macrophages 
were either pre-incubated or co-incubated with cell-free Lactobacillus conditioned media. 
For toxin assays, RAW 264.7 macrophages were exposed to a Gi protein inhibitor, pertussis 
toxin (PTx), in order to ablate Gi protein-dependent responses. Following PTx treatment, 
RAW 264.7 cells were stimulated with LPS alone or co-cultured with Lactobacillus- 
conditioned media (CM). Production of TNF- a in cell culture supernatant was measured 
with a sandwich enzyme immunoassay, Mouse TNF- a ELISA (BioSource, Camarillo, 
CA). 

Cytokine Measurements 

[0145] To study the cytokine milieu of activated macrophage culture in the 
presence of putative immunoregulators, a mouse multiplex Cytokine Detection S ystem 2 
(BioSource) will be used to detect and quantify 1L-1 a, IL-2, IL-4, IL-5, IL-6, EL- 10, EL- 
12(p70), TNF- a, IFN- a, and GM-CSF in culture supernatant in a Luminex 100 (Luminex 
Corp., Austin, TX) instrument. 

EXAMPLE 8 

INTESTINAL LACTOBACILLUS FROM HEALTHY AND IL-10 DEFICIENT MICE 

[0146] Lactobacillus species have been used as probiotic agents for the 
treatment of gastrointestinal infections and inflammatory bowel disease. The murine 
gastrointestinal tract, similar to other mammals including humans, contains sufficient 
numbers of commensal lactobacilli that are considered important for the maintenance of 
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intestinal health. Interleukin-10 (IL-10) deficient mice develop colitis when colonized with 
intestinal bacteria due to the absence of an important immunoregulatory cytokine (IL-10). 

[0147] In order to compare the Lactobacillus microbiota from healthy and IL- 
10-deficient animals, intestinal lactobacilli were isolated from different regions of the 
intestine and feces. Candidate murine intestinal lactobacilli were cultured on selective 
media and screened by Gram stain morphology and selected biochemical tests. 
Lactobacillus isolates were characterized by detailed biochemical studies, 16S rDNA 
sequencing, and rep-PCR-based DNA fingerprinting. 

[0148] Detailed biochemical and molecular studies of intestinal Lactobacillus 
isolates highlighted the presence of distinct Lactobacillus populations in healthy versus IL- 
10-deficient mice. Intestinal Lactobacillus isolates from the same animals and cultured from 
different regions of the intestinal tract were identical by DNA fingerprinting. Isolates from 
healthy animals were identified as Lactobacillus reuteri (or L. reuteri /feimentum complex) 
by biochemical analyses and DNA sequencing. In contrast, isolates from IL-10-deficient 
mice were identified as Lactobacillus gasseri or Lactobacillus acidophilus by biochemical 
studies and DNA sequencing. Consistent with these data, isolates from healthy and diseased 
animals were clearly distinguished by cluster analyses based on rep-PCR-based DNA 
fingerprinting (FIGS. 15 and 16). 

[0149] Distinct intestinal Lactobacillus species predominate in healthy 
animals and IL-10 deficient mice with colitis. The nature of the Lactobacillus microbiota 
may partly contribute to intestinal health or inflammation and may be relevant for probiotic 
treatment strategies. 

EXAMPLE 9 

TNF-a-INHIBITORY ("IMMUNOMODULIN") ACTIVITY REQUIRES THE 
PRESENCE OF G PROTEIN GIa2 

[0150] Macrophages from wild type and heterozygous knockout animals 
secreted comparable levels of TNF-a when stimulated with LPS alone. Heterozygous 
Gicc2 +A macrophages produced intermediate levels of TNF-a in the presence of 
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Lactobacillus-CM (FIG. 17). Homozygous Gia2-deficient macrophages produced excessive 
amounts of TNF-a, despite the presence of Lactobacillus-derived CM (FIG. 17). CM 
derived from Lactobacillus spp. inhibited LPS-induced TNF-a secretion by wild type 
macrophages, but this effect was abrogated in Gioc2-deficient cells (FIG. 17). These results 
indicate the importance of G protein Gioc2 in the modulation of macrophage cytokine 
responses by commensal Lactobacillus spp. and justify proposed studies of Gia2-deficient 
mouse models. 
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SEQUENCES 

SEQIDNO:l 
Human DNA 

1 accagtgatc tctatgcccg agtctcaacc ctcaactgtc accccaaggc acttgggacg 
61 tcctggacag accgagtccc gggaagcccc agcactgccg ctgccacact gccctgagcc 
121 caaatggggg agtgagaggc catagctgtc tggcatgggc ctctccaccg tgcctgacct 
181 gctgctgccg ctggtgctcc tggagctgtt ggtgggaata tacccctcag gggttattgg 
241 actggtccct cacctagggg acagggagaa gagagatagt gtgtgtcccc aaggaaaata 
301 tatccaccct caaaataatt cgatttgctg taccaagtgc cacaaaggaa cctacttgta 
361 caatgactgt ccaggcccgg ggcaggatac ggactgcagg gagtgtgaga gcggctcctt 
421 caccgcttca gaaaaccacc tcagacactg cctcagctgc tccaaatgcc gaaaggaaat 
481 gggtcaggtg gagatctctt cttgcacagt ggaccgggac accgtgtgtg gctgcaggaa 
541 gaaccagtac cggcattatt ggagtgaaaa ccttttccag tgcttcaatt gcagcctctg 
601 cctcaatggg accgtgcacc tctcctgcca ggagaaacag aacaccgtgt gcacctgcca 
661 tgcaggtttc tttctaagag aaaacgagtg tgtctcctgt agtaactgta agaaaagcct 
721 ggagtgcacg aagttgtgcc taccccagat tgagaatgtt aagggcactg aggactcagg 
781 caccacagtg ctgttgcccc tggtcatttt ctttggtctt tgccttttat ccctcctctt 
841 cattggttta atgtatcgct accaacggtg gaagtccaag ctctactcca ttgtttgtgg 
901 gaaatcgaca cctgaaaaag agggggagct tgaaggaact actactaagc ccctggcccc 
961 aaacccaagc ttcagtccca ctccaggctt cacccccacc ctgggcttca gtcccgtgcc 
1021 cagttccacc ttcacctcca gctccaccta tacccccggt gactgtccca actttgcggc 
1081 tccccgcaga gaggtggcac caccctatca gggggctgac cccatccttg cgacagccct 
1141 cgcctccgac cccatcccca acccccttca gaagtgggag gacagtgccc acaagccaca 
1201 gagcctagac actgatgacc ccgcgacgct gtacgccgtg gtggagaacg tgcccccgtt 
1261 gcgctggaag gaattcgtgc ggcgcctagg gctgagcgac cacgagatcg atcggctgga 
1321 gctgcagaac gggcgctgcc tgcgcgaggc gcaatacagc atgctggcga cctggaggcg 
1381 gcgcacgccg cggcgcgagg ccacgctgga gctgctggga cgcgtgctcc gcgacatgga 
1441 cctgctgggc tgcctggagg acatcgagga ggcgctttgc ggccccgccg cgctcccgcc 
1501 cgcgcccagt cttctcagat gaggctgcgc cctgcgggca gctctaagga ccgtcctcgc 
1561 agatcgcctt ccaaccccac ttttttctgg aaaggagggg tcctgcaggg gcaagcagga 
1621 gctagcagcc gcctacttgg tgctaacccc tcgatgtaca tagcttttct cagctgcctg 
1681 cgcgccgccg acagtcagcg ctgtgcgcgc ggagagaggt gcgccgtggg ctcaagagcc 
1741 tgagtgggtg gtttgcgagg atgagggacg ctatgcctca tgcccgtttt gggtgtcctc 
1801 accagcaagg ctgctcgggg gcccctggtt cgtccctgag cctttttcac agtgcataag 
1861 cagttttttt tgtttttgtt ttgttttgtt ttgtttttaa atcaatcatg ttacactaat 
1921 agaaacttgg cactcctgtg ccctctgcct ggacaagcac atagcaagct gaactgtcct 
1981 aaggcagggg cgagcacgga acaatggggc cttcagctgg agctgtggac ttttgtacat 
2041 acactaaaat tctgaagtta ag 



SEQ ID NO:2 
Human protein 
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MGLSTWDLLLPLVLLELLVGIYPSGVIGLVPHLGDREKEIDSVCPQGKYIHPQNNSI 

CCTKCHKGTYLYNDCPGPGQDTDCPvECESGSFTASENHLRHCLSCSKCRKEMGQV 

EISSCTVDRDTVCGCRKNQYPJT^SENLFQCFNCSLCLNGTVHI^CQEKQNTVCT 

CHAGFFLJ^NECVSCSNCKKSI^CTKLCLPQffiNVKGTEDSGTTVLLPLVIFFGLCLL 

SLLFIGLMYRYQRWKSKXYSIVCGKSTPEKEGELEGTTTKPLAPNPSFSPTPGFTPTL 

GFSPWSSTFTSSSTYTPGDCPNFAAPRREVAPPYQGADPILATALASDPIPNPLQKW 

EDSAHKPQSLDTDDPATLYAVVENVPPI^WTCEFVI^GLSDHEroRLELQNGRCLR 

EAQYSMLATWRPJITPRREATIJBLLGRVLPJDMDLLGCLEDIEEALCGPAALPPAPSL 
LR 
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[0208] Although the present invention and its advantages have been described 
in detail, it should be understood that various changes, substitutions and alterations can be 
made herein without departing from the spirit and scope of the invention as defined by the 
appended claims. Moreover, the scope of the present application is not intended to be 
limited to the particular embodiments of the process, machine, manufacture, composition of 
matter, means, methods and steps described in the specification. As one of ordinary skill in 
the art will readily appreciate from the disclosure of the present invention, processes, 
machines, manufacture, compositions of matter, means, methods, or steps, presently 
existing o r 1 ater t o b e d eveloped t hat p erform su bstantially t he s ame function o r a chieve 
substantially the same result as the corresponding embodiments described herein may be 
utilized according to the present invention. Accordingly, the appended claims are intended 
to include within their scope such processes, machines, manufacture, compositions of 
matter, means, methods, or steps. 
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What is claimed is: 

1 . A compound secreted from lactic acid bacteria that comprises 
anti-inflammation activity. 

2. The compound of claim 1, wherein said lactic acid bacteria 
are selected from the group consisting of Lactobacillus is Z. 
acidophilus, L. animalis, L. rhamnosus GG, L.johnsoniU L. 
murinus, L. plantarum, L. reuteri, L. salivarius, L. paracasei, 
L. delbrueckii, L.fermentum, L. brevis, L. buchneri, L. kefi, L. 
casei, L, curvatus, L. corynifonnis, Brevibacteriwn; 
Streptococcus thermophilus, and a mixture thereof. 

3. The compound of claim 1, wherein said compound is a 
polypeptide. 

4. The compound of claim 1, wherein said compound further 
comprises receptor-binding activity. 

5. The compound of claim 1, wherein said compound further 
comprises cytokine expression regulating activity, chemokine 
expression regulating activity, or both. 

6. A kit comprising the compound of claim 1 . 

7. A kit that comprises at least one isolated bacterium that 
produces claim 1. 

8. An isolated bacterium that produces the compound of claim 1 . 

9. The bacterium of claim 8, wherein said bacterium is further 
defined as being capable of secreting the compound of claim 
1. 
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1 0. The bacterium of claim 8, wherein said bacterium is 
Lactobacillus. 

11. A culture comprising the bacterium of claim 8. 

12. A kit comprising the bacterium of claim 8. 

13. A method of reducing cytokine expression in a cell, 
comprising the step of administering to the cell a compound 
secreted from lactic acid bacteria. 

14. The method of claim 13, wherein said cytokine expression is 
reduced post-transcriptionally. 

15. The method of claim 13, wherein said method further 
comprises binding of said secreted compound to a G protein 
receptor. 

16. The method of claim 13, wherein said cytokine is TNF-a. 

17. The method of claim 13, wherein said cell is an immune cell. 

18. The method of claim 17, wherein said immune cell is a 
macrophage. 

19. A method of inhibiting inflammation in an individual, 
comprising the step of delivering a therapeutically effective 
amount of lactic acid bacteria to the individual, wherein said 
lactic acid bacteria inhibit said inflammation by a contact- 
independent mechanism. 

20. The method of claim 19, wherein said lactic acid bacteria are 
farther defined as producing a soluble compound that binds to 
a receptor on an immune cell. 
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2 1 . The method of claim 20, wherein the method is further 
defined as inhibiting, at least partially, in said cell cytokine 
production, cytokine secretion, chemokine production, or a 
combination thereof. 

22. The method of claim 21 , wherein said inhibiting step is 
further defined as comprising inhibiting said cytokine 
production, cytokine secretion, chemokine production, or a 
combination thereof, through inhibitory heterotrimeric G (Gi) 
protein activity. 

23 . The method of claim 2 1 , wherein said cytokine is TNF-a. 

24. The method of claim 21, wherein said chemokine is IL-8. 

25. The method of claim 19, wherein the lactic acid bacteria are 
administered in combination with at least one additional 
therapeutic agent. 

26. The method of claim 25, wherein the at least one therapeutic 
agent is selected from the group consisting of corticosteroids, 
sulphasalazine, derivatives of sulphasalazine, 
immunosuppressive drugs, cyclosporin A, mercaptopurine, 
azathioprine, and a mixture thereof. 

27. The method of claim 19, wherein said individual is stricken 
with colitis, arthritis, synovitis, polymyalgia rheumatica, 
myositis, or sepsis. 

28. Lactic acid bacteria secretions, said secretions being 
polypeptides, and said secretions having anti-inflammatory 
activity. 
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SEQUENCE LISTING 

<110> Biogaia AB 

Baylor College of Medicine 
Versalovic, James 
Pena , Jeremy 
Connolly, Eamonn 

<120> Anti- Inflammatory Activity from Lactic Acid Bacteria 

<130> BIOA5312 

<140> Not Assigned 

<141> 2004-01-30 

<150> US 60/443,644 and US non-provisional , not assigned 

<151> 2003-01-30 and 2004-01-29 

<160> 2 

<170> Patentln version 3.1 

<210> 1 

<211> 2062 

<212> DNA 

<213> Human 

<400> 1 



accagtgatc 


tctatgcccg 


agtctcaacc 


ctcaactgtc 


accccaaggc 


acttgggacg 


60 


tcctggacag 


accgagtccc 


gggaagcccc 


agcactgccg 


ctgccacact 


gccctgagcc 


120 


caaatggggg 


agtgagaggc 


catagctgtc 


tggcatgggc 


ctctccaccg 


tgcctgacct 


180 


gctgctgccg 


ctggtgctcc 


tggagctgtt 


ggtgggaata 


tacccctcag 


gggttattgg 


240 


actggtccct 


cacctagggg 


acagggagaa 


gagagatagt 


gtgtgtcccc 


aaggaaaata 


300 


tatccaccct 


caaaataatt* 


cgatttgctg 


taccaagtgc 


cacaaaggaa 


cctacttgta 


360 


caatgactgt 


ccaggcccgg 


ggcaggatac 


ggactgcagg 


gagtgtgaga 


gcggctcctt 


420 


caccgcttca 


gaaaaccacc 


tcagacactg 


cctcagctgc 


tccaaatgcc 


gaaaggaaat 


480 


gggtcaggtg 


gagatctctt 


cttgcacagt 


ggaccgggac 


accgtgtgtg gctgcaggaa 


540 


gaaccagtac 


cggcattatt 


ggagtgaaaa 


ccttttccag 


tgcttcaatt 


gcagcctctg 


600 


cctcaatggg 


accgtgcacc 


tctcctgcca 


ggagaaacag 


aacaccgtgt 


gcacctgcca 


660 


tgcaggtttc 


tttctaagag 


aaaacgagtg tgtctcctgt agtaactgta agaaaagcct 


720 


ggagtgcacg 


aagttgtgcc 


taccccagat tgagaatgtt aagggcactg aggactcagg 


780 


caccacagtg 


ctgttgcccc 


tggtcatttt 


ctttggtctt 


tgccttttat 


ccctcctctt 


840 


cattggttta 


atgtatcgct 


accaacggtg 


gaagtccaag 


ctctactcca 


ttgtttgtgg 


900 




WO 2004/069178 PCT/US2004/002789 

2/8 



gaaatcgaca 


cctgaaaaag 


agggggagct 


tgaaggaact 


actactaagc 


ccctggcccc 


960 


aaacccaagc 


ttcagtccca 


ctccaggctt 


cacccccacc 


ctgggcttca 


gtcccgtgcc 


1020 


cagttccacc 


ttcacctcca'gctccaccta 


tacccccggt 


gactgtccca 


actttgcggc 


1080 


tccccgcaga 


gaggtggcac 


caccctatca 


gggggctgac 


cccatccttg- 


cgacagccct 


1140 


cgcctccgac 


cccatcccca 


acccccttca 


gaagtgggag 


gacagtgccc 


acaagccaca 


1200 


gagcctagac 


actgatgacc 


ccgcgacgct 


gtacgccgtg gtggagaacg 


tgcccccgtt 


1260 


gcgctggaag 


gaattcgtgc 


ggcgcctagg 


gctgagcgac 


cacgagatcg 


atcggctgga 


1320 


gctgcagaac 


gggcgctgcc 


tgcgcgaggc 


acaatacaac 




cctggaqqcq 


1380 


gcgcacgccg 


cggcgcgagg 


ccacgctgga 


gctgctggga 


cgcgtgctcc 


gcgacatgga 


1440 


cctgctgggc 


tgcctggagg 


acatcgagga 


ggcgctttgc 


ggccccgccg 


cgctcccgcc 


1500 


cgcgcccagt 


cttctcagat 


gaggctgcgc 


cctgcgggca 


gctctaagga 


ccgtcctcgc 


1560 


agatcgcctt 


ccaaccccac 


ttttttctgg 


aaaggagggg 


tcctgcaggg 


gcaagcagga 


1620 


gctagcagcc 


gcctacttgg 


tgctaacccc 


tcgatgtaca 


tagcttttct 


cagctgcctg 


1680 


cgcgccgccg 


acagtcagcg 


ctgtgcgcgc 


ggagagaggt 


gcgccgtggg 


ctcaagagcc 


1740 


tgagtgggtg 


gtttgcgagg atgagggacg 


ctatgcctca 


tgcccgtttt 


gggtgtcctc 


1800 


accagcaagg 


ctgctcgggg gcccctggtt 


cgtccctgag 


cctttttcac 


agtgcataag 


1860 


cagttttttt 


tgtttttgtt 


ttgttttgtt 


ttgtttttaa 


atcaatcatg 


ttacactaat 


1920 


agaaacttgg 


cactcctgtg 


ccctctgcct 


ggacaagcac 


atagcaagct 


gaactgtcct 


1980 


aaggcagggg 


cgagcacgga 


acaatggggc 


cttcagctgg 


agctgtggac 


ttttgtacat 


2040 


acactaaaat 


tctgaagtta 


ag 
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<210> 2 

<211> 455 

<212> PRT 

<213 > Human 

<400> 2 

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu Leu 
15 10 15 



Glu Leu Leu Val Gly lie Tyr Pro Ser Gly Val lie Gly Leu Val Pro 
20 25 30 
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His Leu Gly Asp Arg Glu Lys Arg Asp. Ser Val Cys Pro Gin Gly Lys 
35 40 45 

Tyr lie His Pro Gin Asn Asn Ser lie Cys Cys Thr Lys Cys His Lys 
50 55 60 

Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gin Asp Thr Asp 
65 70 75 80 

Cys Arg Glu Cys Glu Ser Gly Ser Phe Thr Ala Ser Glu Asn His Leu 
85 90 95 

Arg His Cys Leu Ser Cys Ser Lys Cys Arg Lys Glu Met Gly Gin Val 
100 105 110 

Glu lie Ser Ser Cys Thr Val Asp Arg Asp Thr Val Cys Gly Cys Arg 
115 120 125 

Lys Asn Gin Tyr Arg His Tyr Trp Ser Glu Asn Leu Phe Gin Cys Phe 
130 135 140 

Asn Cys Ser Leu Cys Leu Asn Gly Thr Val His Leu Ser Cys Gin Glu 
145 150 155 160 

Lys Gin Asn Thr Val Cys Thr Cys His Ala Gly Phe Phe Leu Arg Glu 
165 ' 170 175 

Asn Glu Cys Val Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu Cys Thr 
180 185 190 

Lys Leu Cys Leu Pro Gin He Glu Asn Val Lys Gly Thr Glu Asp Ser 
195 200 205 

Gly Thr Thr Val Leu Leu Pro Leu Val He Phe Phe Gly Leu Cys Leu 
210 215 220 

Leu Ser Leu Leu Phe He Gly Leu Met Tyr Arg Tyr Gin Arg Trp Lys 
225 230 235 " 240 

Ser Lys Leu Tyr Ser He Val Cys Gly Lys Ser Thr Pro Glu Lys Glu 
245 250 255 



Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn Pro Ser 
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260 265 270 



Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe Ser Pro Val 
275 280 285 



Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr Pro Gly Asp Cyg 
290 295 300 



Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala Pro Pro Tyr Gin Gly 

305 310 315 320 

Ala Asp Pro lie Leu Ala Thr Ala Leu Ala Ser Asp Pro lie Pro Asn 

325 330 335 



Pro Leu Gin Lys Trp Glu Asp Ser Ala His Lys Pro Gin Ser Leu Asp 
340 345 350 

Thr Asp Asp Pro Ala Thr Leu Tyr Ala Val Val Glu Asn Val Pro Pro 
355 360 365 



Leu Arg Trp Lys Glu Phe Val Arg Arg Leu Gly Leu Ser Asp His Glu 
370 375 380 

lie Asp Arg Leu Glu Leu Gin Asn Gly Arg Cys Leu Arg Glu Ala Gin 
3.85 390 395. 400 

Tyr Ser Met Leu Ala Thr Trp Arg Arg Arg Thr Pro Arg Arg Glu Ala 
405 410 ~ 415 

Thr Leu Glu Leu Leu Gly Arg Val Leu Arg Asp Met Asp Leu Leu Gly 
420 425 430 



Cys Leu Glu Asp lie Glu Glu Ala Leu Cys Gly Pro Ala Ala Leu Pro 
435 440 445 



Pro Ala Pro Ser Leu Leu Arg 
450 455 
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SEQUENCE LISTING 
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<160> 2 

<170> Patentln version 3.1 

<210> 1 

<211> 2062 

<212> DNA 

<213> Human 

<400> 1 



accagtgatc 


tctatgcccg 


agtctcaacc 


ctcaactgtc 


accccaaggc 


acttgggacg 


60 


tcctggacag 


accgagtccc 


gggaagcccc 


agcactgccg 


ctgccacact 


gccctgagcc 


120 


caaatggggg 


agtgagaggc 


catagctgtc 


tggcatgggc 


ctctccaccg 


tgcctgacct 


180 


gctgctgccg 


ctggtgctcc 


tggagctgtt 


ggtgggaata 


tacccctcag 


gggttattgg 


240 


actggtccct 


cacctagggg 


acagggagaa 


gagagatagt 


gtgtgtcccc 


aaggaaaata 


300 


tatccaccct 


caaaataatt' cgatttgctg 


taccaagtgc 


cacaaaggaa 


cctacttgta 


360 


caatgactgt 


ccaggcccgg 


ggcaggatac 


ggactgcagg 


gagtgtgaga 


gcggctcctt 


420 


caccgcttca 


gaaaaccacc 


tcagacactg 


cctcagctgc 


tccaaatgcc 


gaaaggaaat 


480 


gggtcaggtg 


gagatctctt 


cttgcacagt 


ggaccgggac 


accgtgtgtg 


gctgcaggaa 


540 


gaaccagtac 


cggcattatt 


ggagtgaaaa 


ccttttccag 


tgcttcaatt 


gcagcctctg 


600 


cctcaatggg 

} 

tgcaggtttc 


accgtgcacc 


tctcctgcca 


ggagaaacag 


aacaccgtgt 


gcacctgcca 


660 


tttctaagag 


aaaacgagtg 


tgtctcctgt 


agtaactgta 


agaaaagcct 


720 


ggagtgcacg 


aagttgtgcc 


taccccagat 


tgagaatgtt 


aagggcactg 


aggactcagg 


780 


caccacagtg 


ctgttgcccc 


tggtcatttt 


ctttggtctt 


tgccttttat 


ccctcctctt 


840 


cattggttta 


atgtatcgct 


accaacggtg 


gaagtccaag 


ctctactcca 


ttgtttgtgg 


900 
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gaaatcgaca 



cctgaaaaag 



agggggagct 



tgaaggaact actactaagc ccctggcccc 



960 



aaacccaagc 




r* t~ a c a era c t- f~ 


V-dUUH- LaLL 


ctgggcttca gtcccgtgcc 


i no a 
1UZ U 


caattccacr 


l— L- v — CX ^ ^ l_ 1— d 


y l~ w w Ui CI 


Lo.L lc uuy y i_ 


gactgtccca actttgegge 


i n Q n 


tccccacaaa 




faPPft" af pa 

d ^— O l_- d L~ ^ Ci 


yyy9y ct 9 a c 


cccatccttg cgacagccct 




r 1 err* cfc f r»frs r» 


LLLdLLLLLd 




gaagtgggag 


gacagtgccc 


acaagccaca 


12 00 




aph era +" era f* 


c.c.y<-.yctL»yL. u. 


gtacgccycy 


gtggagaacg tgcccccgtt 


1260 




ft a =s +- t~»ci^~ n f< 
y cia. l v_ t_ y Ly l 


yy »y y 


gctyagcyac 


cacgagatcg atcggctgga 


1320 


exc t a c acr a a c 




t* rr or o cr a cm c* 

L y t, y u y ci yy i * 


yUddudCayc 


atgctggcga cctggaggcg 


13 o 0 




caa caftan crcr 
«-yy»-y<-yeiyy 


r* s c or c* fr* eror a 


n f~< t~ rTf"* i~ rrrrna 

yut.gct.yyyd 


cgcgtgctcc 


gcgacatgga 


1 A A A 

144 U 




i-y^Lyydgy 


anal" rrra rma 
aLd.LLyd.yyd 


ygcyctLLyc 


ggccccgccg 


cgctcccgcc 


15 00 


cgcgcccagt 


cttctcagat 


gaggctgege 


cctgcgggca 


gctctaagga 


ccgtcctcgc 


1560 


agategcett 


ccaaccccac 


ttttttctgg 


aaaggagggg 


tectgeaggg 


gcaagcagga 


1620 


gctagcagcc 


gectacttgg 


tgctaacccc 


tcgatgtaca 


tagcttttct 


cagctgcctg 


1680 


cgcgccgccg 


acagtcagcg 


ctgtgcgcgc 


ggagagaggt 


gcgccgtggg 


ctcaagagcc 


1740 


tgagtgggtg 


gtttgegagg 


atgagggacg 


ctatgcctca 


tgcccgtttt 


gggtgtcctc 


1800 


accagcaagg 


ctgctcgggg 


gcccctggtt 


cgtccctgag 


cctttttcac 


agtgcataag 


1860 


cagttttttt 


tgtttttgtt 


ttgttttgtt 


ttgtttttaa 


atcaatcatg 


ttacactaat 


1920 


agaaacttgg 


cactcctgtg 


ccctctgcct 


ggacaagcac 


atagcaagct 


gaactgtcct 


1980 


aaggcagggg 


egagcaegga 


acaatggggc 


cttcagctgg 


agctgtggac 


ttttgtacat 


2040 


acactaaaat 


tctgaagtta 


ag 
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<210> 2 

<211> 455 

<2'12> PRT 

<213> Human 

<400> 2 

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu Leu 
15 10 15 



Glu Leu Leu Val Gly lie Tyr Pro Ser Gly Val He Gly Leu Val Pro 
20 25 30 



• 
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His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro Gin Gly Lys 
35 40 45 



Tyr lie His Pro Gin Asn Asn Ser lie Cys Cys Thr Lys Cys His Lys 
50 55 60 



Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gin Asp Thr Asp 
65 70" 75 80 

Cys Arg Glu Cys Glu Ser Gly Ser Phe Thr Ala Ser Glu Asn His Leu 
85 90 95 



Arg His Cys Leu Ser Cys Ser Lys Cys Arg Lys Glu Met Gly Gin Val 
100 105 110 



Glu lie Ser Ser Cys Thr Val Asp Arg Asp Thr Val Cys Gly Cys Arg 
115 120 125 



Lys Asn Gin Tyr Arg His Tyr Trp Ser Glu Asn Leu Phe Gin Cys Phe 
130 ' 135 140 



Asn Cys Ser Leu Cys Leu Asn Gly Thr Val His Leu Ser Cys Gin Glu 
145 150 155 160 



Lys Gin Asn Thr Val Cys Thr Cys His Ala Gly Phe Phe Leu Arg Glu 
165 170 175 



Asn Glu Cys Val Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu Cys Thr 
180 185 190 



Lys Leu Cys Leu Pro Gin lie Glu Asn Val Lys Gly Thr Glu Asp Ser 
195 200 205 



Gly Thr Thr Val Leu Leu Pro Leu Val lie Phe Phe Gly Leu Cys Leu 
210 215 220 



Leu Ser Leu Leu Phe He Gly Leu Met Tyr Arg Tyr Gin Arg Trp Lys 
225 230 235 240 



Ser Lys Leu Tyr Ser He Val Cys Gly Lys Ser Thr Pro Glu Lys Glu 
245 250 255 



Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn Pro Ser 
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260 265 270 



Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe Ser Pro Val 
275 280 285 



Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr Pro Gly Asp Cys 
290 295 300 



Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala Pro Pro Tyr Gin Gly 
305 310 315 320 



Ala Asp Pro He Leu Ala Thr Ala Leu Ala Ser Asp Pro He Pro Asn 
325 330 335 



Pro Leu Gin Lys Trp Glu Asp Ser Ala His Lys Pro Gin Ser Leu Asp 
340 345 350 



Thr Asp Asp Pro Ala Thr Leu Tyr Ala Val Val Glu Asn Val Pro Pro 
355 360 365 



Leu Arg Trp Lys Glu Phe Val Arg Arg Leu Gly Leu Ser Asp His Glu 
370 375 380 



He Asp Arg Leu Glu Leu Gin Asn Gly Arg Cys Leu Arg Glu Ala Gin 
3.85 390 395 400 



Tyr Ser Met Leu Ala Thr Trp Arg Arg Arg Thr Pro Arg Arg Glu Ala 
405 410 415 



Thr Leu Glu Leu Leu Gly Arg Val Leu Arg Asp Met Asp Leu Leu Gly 
420 425 " 430 



Cys Leu Glu Asp He Glu Glu Ala Leu Cys Gly Pro Ala Ala Leu Pro 
435 440 445 



Pro Ala Pro Ser Leu Leu Arg 
450 455 
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